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preface’ 


Physiology has been too much studiM'as a science 
[>f opinions, and too little as a science of facts. We 
iiave had abundant reasoning from scanty observations, 
ind endless arguments, “ long drawn out,” from the 
alcnderest foundations. Tt is hoped this error has 
been avoided in the present little volume, in which it 
has been the object of the Author to condense as great 
a number as j>ossible of w’ell-ascertained fa^ts, con¬ 
necting them only by as much reasoning iis may bo 
necessiiry to elucidate their mutual relations, and 
ascertain, by legitimate induction, the general laws 
which they appear to indicafe. TlSfe outline of the 
plan to be pursued will be found delineated at the 
jommcncenicnt of the chapter iimnediately following 
|be Historical Introduction. To this, the Author has 
nothing to add, exccjit that, iu all instances, ho has 
Itudied to avoid the use of tccliiiical terms, or. when 
obliged to employ tliem, has taken care to explain 
them fully, ciilicr iu words or by references to the 
plates. 

In the course of his work the examination of 
theories has occasionally been found necessary, and 
the freedom \\ith which lie questions doctrines ad¬ 
vanced Ify men whose talents have gained them uni- 
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versal fame, may appear to some to border on arrogance 
and presumption. Ho begs earnestly to disclaim 
being actuated by any such feelings: ho has had nc 
object in view except tlie diKscovery of truth; he has 
never for a moment supposed that his name could bJ 
placed in competition with those of the individualfll 
alluded to; but he has merely stated such facts, and 
adduced such arguments, as appeared to him incoi - 
sistent with the doctrines in question ; and by the 
reality of those facts, and the justice of those argu¬ 
ments, he desires to be judged. 

It will be observed that his work embraces only 

. . • ^ 

those fanctions, by which animals support their indi-j 
vidual life, and maintain their relations with externa 
bodies: all consideration of the functions by whicl 
the continuation of the species is insured, has been 
tiesignedly omitted. * 

An acknowledgment of all the authorities conJ 
suited in preparing the present volume, would havr 
encumbered the pages wuth foot-notes of referencj 
and proved abundantly more pedantic than iiseful 
It may^ however, be proper to state, that of conteiii 
porary writers, the Author is most indebted to Serrol 
Magcndie, l)e BlainviUe, Bostock, Bell, Arnotl 
Hlourens, Edwards, Lawrence, Prichard, Desmoi^ 
lins, and Virey. 



ADVERTISEMENT. 


A itEpRiNT of this work being required during tho 
Author’s absence on public service in the East, tho 

t 

j Editor of the present Edition has carefully exa- 
' % 

milled the latest authorities upon the science, and has 
marked with brackets sucli*additions as he has found 
it necessary to make. In justice to the Author, 
j^wever, it must be said that^ of thosf additions, tlie 
nost inipoi'tant were anticipated by him in the errata 
>f the First Edition, and the remainder principally 
onsist of later facts and more recent opinions. 


o 


Losdox, 


Jt /September J 18^30. 
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HISTORICAL INTRODUCTI 



I’HYSioL(KiV, or the Science of Life, was at first taught in the 
.schools as a hrauch of I^hilosophy. In this way Pythagoras, 
Alcina?on, Empedocles, and others supplied ineidentfd notices 
of tlie human frame in their lectures on mind and matter. 
From sncli notices we could derive no instruction; and little 
entertainment, except from their absurdity. We may, there- 
fi>rc, he excuf^ed for passing them over, luid commencing our 
.survev of the .science with the fii^i man wlio substituted 
observation for theory, anrl fact for imagination. 

Horn in the noblest davs of Gi'ccian literature, 

\ - B e 

Ilipp. )cfates j)roved himself a \^or^hy contemporary 

of Socrates, 'riiucydides, and Herodotus, lie W'as of 
royal debcent, hi.s ^\ealth was amide, and pleasures lay smiling 
in his path; ])ut disdaining the seductive influence of sloth and 
inglorious ease, he thirsted after that true nobility which 
arises from suiieriur knowledge, from more extc;nsive jiower of 
<loing good. His ancestors, expelled fr<nn Cana, where they 
had reigned, settled in the little island of Cos, md establi.shed 
there a medical school, tlic renown of which has come down to 
our days. In this school were duly jire.served reixirts of tlie 
cases of tliose who came to be relieved of their maladies; and 
the collected oliservations of many generations, on the nature 
and strueturc of the human body, furnished abundant mate¬ 
rials to stimulate the curiosity and exercise th5 ingenuity of an 
inquisitive mind. Here was Hippocrates reared in “all the 
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knowledge and wisdom’^ of tho <ige* 06 studied general 
science—physics, nat&ral hi$toTy, geometay, and astronomy; 
and having thus prepiored his mind for tho grand object at 
which he aimed, lie proceeded to turn all his varied acquire* 
ments to tlfe attaining a perfect knowledge of tho structure, 
functions^ and dhi^rdei’S of tlie several organa of the human 
body. Distrusting thcf observations, however extensive, made 
solely in one place, he now dctermhied to tnivel, and compare tho 
ideas ho had acquired at home with the opinions which j)re“ 
vailed in other countries. To this search after knowledge he 
devoted twelve whole years, and visited Thrace, Thessaly, 
Macedonia, Delos, Scythia, and many places in Asia Minor, 
lie spent much time at the temple of Diana at Ejdiesus, where 
he copied out the accounts of diseases usually inscribed on the 
votive tablets by pei-sons who imputed their reco\crv from 
disease to the iiiterj)Osition of the gods; and having thus filled 
his mind with useful facts v^ud observations, lie returned to 
emjdoy them fur the good of his country and the buiclit of 
mankind. We must uot, howcvei, think of following liim 
through the details of a life wdiieh added honour to philosophy 
and dignity to w'icnee, hut must contiiie our view to his attain¬ 
ments as a Physiologist. 

The question as to W'hcthcr be e^cr actually dissected a 
human bod^ would lequire too much sjmee to discuss. How¬ 
ever, we find scattered through bis works obseivatious ubieb, 
coTUsideriiig the time at wdiicli they were mude, c\ince sur¬ 
prising intimacy with anatomical details: his directions for the 
reduction of dislocations mid the treatment of fractures bespeak 
a knowledge of tho skeleton: and tlunigh human subjects may 
not have come imder his knife, tliere seems little ivasoii to 
doubt that Ids researches into the stnictiirc* of other animals were 
tolerably extensive. The prejudices wliicU then existed may 
have interrupted his anatomical pursuits, but he show'ed how 
highly he valued the knoAvledge to be thus acquired w’heu he 
presented to the temple of Apollo at Dtlphi a brazen skeleton, 
os the most useful subject of contemplation for tho disciples 
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of theOod of Hoaliag. Ijt is BiJ^gtOar, th^t a» we find in anciinit 
authors obscure intimatiohs of the existence of a western 
world, the discovery of which lent such Instre to the dose 
the fifteenth century, so the doctrine of tlie circujation of the 
blood, by which our countryman Harvey is hnmortalhsed, may 
actually be inferred at least to a certain dhtent, fipom terms 
made use of by the Father of Medicine. 

He was not equally liappy in others of his escplanations. 
He supposed that in drinking, a small portion of water insinu¬ 
ated itself into the wind-pipe, -which, from the great iiTitahility 
of its Ihiing membrane, and the accurate closure of its lid, we 
now know to ho impossible. He tells us the auricles of the 
heart arc like Ijellows filled with air, to cool and refix'sh the 
boiling blood with which it is filhd; jmd he occasionally uses 
his terms with such vagueness that wo are at a loss to know 
his exact meaning. But his failings were those of tin period, 
his cxccl!encies ^^ere his ownf He -w'as a man who lived 
before his time. Little has been added by after-agob to his 
mode of distinguishing dise<isos**and none, perhaps, Iiave siir- 
pasm'd him in skill in foreiolliiig flieii* tei ini nations. 

About tliiriy ^c'Qi-s after him, l‘lato included in lus 
Iccturob <;hscnatuuis upon the (‘conomyof the human 
body, and the principles of which it is coinpoaed. As tliey 
wx'i’e, howo>ei, r.ither tlie -vague sjieculations of philosojdiic 
Tt'vmio than sober deductions from established facts, a short 
account ot tliem will sufhee. Setting out with two general 
])rincijdes, God and Matter, ho conceived that the first fonn 
which matter a'.sumes is tiiaiigular. Out of these iiianglesare 
comjiosed the lour elements, tire, air, earth, ami water; and 
iroin these' elements is tlie human body produced. He con¬ 
siders the spinal marrow to he the ]>art first fonnetl; that this 
marrow then covers itself wdth hones, and these liones with 

* Wt bhould except from this assertion the improvements made by Auen- 
hrugffcr and l.aennce, m the mode of dibtinguislnng uhesl disi>.iso!i b> moaJia of 
ptrt'Usfaion and the use of the btetlioseopc; winch lust we do not bcsitatu to declare 
tl c most valuable addition to medical that has btson made since the 

times of which w e cnieak. 
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flesh* The aoul he liJ^ges ia the brain, which he calls tlie con¬ 
tinuation of the spinal marrow, and the ligaments by which 
this latter is held in its place, he looks on as the bonds connecting 
mind with matter. As he supported the doctrine that nature 
abhors a vacuum, he founded on it an amusing theory of respi¬ 
ration. The air, Ke says, which issues from the lungs through 
the mouth in expiratiti^y meeting tliat which surrounds the 
body externally, pushes it, so as to cause it to insinuate itself 
into the pores of the skin, and so to penetrate till it has gained 
the place of that which luia been cxj>ired; but afterwards 
returning tlirougli the same pores, it obliges the air to rusli into 
the mouth, the only opening jjow left for it, and in this 
manner is impiraiion produced. 

Aristotle, who was a pupil f»f Plato’s, imit*ited him iu 
turning his attention to the structure of the human 
frame. He wrote some books on medicine and ana¬ 
tomy, wliich liave •not reached us. Perliaps we 
should the less regF't tliis from the speeimejis of ])hysiology 
which we find scattered throflgh his great work, 77ic Natural 
History of Aniitials. In no other part of hi.s compositions has 
he shown so culpable a neglect of examining for himself,—so 
easy a reliance on the statements of tliose he employed, tlis 
assertions that ‘^all animals have flexi])le necks, except the wolf 
and the lion, who have tins part composed of a single hone,’* 
and that “there is no marroAv in the hones of lions,” with 
others of this kind, am sad blots in his general accuracy. That 
his dissections were confined to the lower animals, and did not 
extend to man, we may infer both from the nature of his de¬ 
scriptions, and from his own admissions. [Yet let us not forget 
that Cuvier considered some of Aristotle’s descriptions of quudm- 
peds superior to those of Button, and that his details of the 
lower tribes of animals are sfiid, by Pri)fes8or Grant, to he some¬ 
times more accurate than those of Cuvier himself.] 

The enlightened views of the Ptolemies gave the 
first efficient assistance to this science, which we liave 
seen hitherto struggling tlirough doubts and ahsur- 
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dities. With a love of science Bcarcely,*to be expected, they 
ordered, that the bodies of criminals should be given for exami¬ 
nation to the medical schools. Thus was the foundation laid 
Of a rational physiology, and a termination put to the strained 
and uncertain analogies by which it was usual to reason on the 
human body from what had been discovA*ed in the lower 
animals. The first to avail themselvef of this important privi¬ 
lege were Erasistratns and Herophiliis, the great masters of the 
Alexandrian school. With an ardonr worthy of the cause in 
which they were embarked, they applied themselves to cultiva¬ 
ting the extensive field of investigation thus opened to them, and 
they soon produced results worthy of their labours. Anterior 
to their (la\s, it was usual to derive the nerves from the heart, 
which was made the centre of the feelings, the reason, and the 
passions: and so much more pow'erful is old prejudice than 
even well-established fact, that np to the jireseiit hour this idtja 
])revails in common convers/itiorti and we familiarly speak of a 
person being sad at hearty or of their//mr<4»eing rejoiced within 
them. Krasistmtns wiis tljc first wlio, by accurate examination 
of the hnman frame, showed tlie absurdity of these theories, 
lie traced the nerves carefully, until ho found them all 
springing from the brain and s]>inal ])aiTOw; he first divided 
them into twf) sorts, nerves of sensation, and nerves of motion; 
ho first showed that they were the moans by which we take 
cognizance of the impressions made on the organs of sense; and, 
finally, he raised the brain to its proper dignity, refuted 
Aristotle’s absurd way of considering it as a mere excrescence 
from the spinal marrow, capable, by its usual coldness and 
moisture, of allaying tlie fire at the heart, and showed it to be, 
what it really is, tlie true nervous centre to whie.h all sensations 
.are conveyed, and from which all voluntary acts arise. 

He liad a worthy fellow-labourer in Herophiliis, who 
appeal's to have lived about the same time, though we do not 
read of their eo-ojieration. In fact, tlieir own works being lost, 
we only know them through such parts of their discoveries as 
are referred to them by subsequent writers. Herophilus seems 
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ehiefly to have attacl^ himself to the study of the pulse as an 
indication of disease; and to such minutentjss were hispbserva- 
tions carriiSd, tliat several of his pupils, wc are told, gave up in 
desptur the^task of following their master’s refinements. He 
has also the credit of having discovered the lacteal vessels, by 
which the nutrifious puit of the food is conveyed fi-om the 
intestines towards th^ veins; hut tliough he observed the 
vessels, it does not appear he was fully aware of their use. 
Such splendid commencements might have been (‘X])ectcd soon 
to hrighten into a glorious day, but the clouds of prejudice 
inter|)osed, jiopnlar feeling, always most warm when most mis¬ 
directed, interfered to prevent the pumiits of science. “Another 
kmg arose,” unpossessed of tlic same enlightened liberality; the 
privilege of dissection was revoked, and surgeons were obliged 
to piuctise, in all the awkwardness of ignorance, on the living, 
that art which they might have learned in safety on the dead. 
Jt may be wondered that the custom of embalming bodies 
which prevailed iit Egypt, should not have promoted an 
acquaintance with their structure; but the people who jHjr- 
formed this duty, under the infinence of blind su]>erstition, 
ihared to gaze on the wonders l)ef<irc their eyes ; and when 
men were found anxious to inquire into the secrets of nature, 
they were assailed as sacrilegious and inqjious, and were said to 
have carried their investigations to the inhuman lengtJi of dis- 
ae«}ting malefactors alive, with as much tnitli as the old fable 
represents Medea to have tlirowii men into a boiling caldron, 
beicause she first introduced the vvumi hath as a remedial 
agent. 

From this time centuries jxissed without a new fact l)eing 
discovered, or a new observation made. Physicians confined 
themselves to forming theories, and writing commentaries on 
Hie works of Hippocrates and Aristotle; surgeons to the 
inventing a new form of bandage; and PliaiTuaceutists to col¬ 
lecting roots and plants of which tliey knew neither the nature 
nor the properties. Physiological knowledge was totally at a 
stand, and the medical world seemed solely occupied with the 
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absurd disputes between the throe sects of ^Dogmatists, Empirics, 
and Sceptics, into whicli it was divided* 

In the second century after Christ, under Adrian and several 
succeeding emtMjrors, lived Galen. He was a man of 
extensive learning, much ingenuity, great eloquence, 
and excessive vanity. He aspired to be the®leader of 
the medical opinions of the age, and his success succeeded even 
his wannest expectations. For more than thirteen centuries 
he reigned in the medical schools with as undisputed sway as 
<lid Aristotle in the metaphysical. To doubt hia doctrines was 
considered heresy, to question his dicta the excess of scepticism. 
He seems to have been the first who ascertained physiological 
facts by experiment. In this way he proved tluit muscles owe 
their power of feeling and motion to the nerves with w hich they 
are supplied, us hy cutting these nerves, or applying a ligature 
tightly round them he paralyzed the muscles; he showed the 
formation of voice to depend oli tlie muscles supplied by the 
recurrent nerve, as on cutting tliis nerve iiniinals became dumb: 
he refuted the old opinion that arteries were filled with air, 
and showed that during life tliey contain blood: he held that 
the mesenteric veins assisted in conveying the chyle (or nutri¬ 
tious part of the food) from the small intestines; explained tlie 
functions of the kidney, mid described tlie duct by which the 
bile is conducted from the gall-bladder to the duodenum. His 
medical skill seems to have been very great, and his general 
knowledge immense. But we are not more attracted towards 
Galen by admiration of his vast genius, than hy observing the 
depth of feeling with wdiich he speaks of the wnsdom and good¬ 
ness of God, and the generous indignation he expri^es against 
those, who, in the pride of a vain philosophy, attempted to 
question His existence. 

“Why,” he asks, “should I further dispute with such 
beings deprived of reason? .... The Father of all nature has 
proved his goodness in w isely providing for the happiness of all 
his creatures, in giving to each that which might be really 
useful to them ; he lias shown his inhuite wisdom in choo^g 
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tlie best means to accomplish his beneficial ends; and he has 
given proofs of his omnipotence in creating everything perfectly 

confonnable to its destination.True piety consists, not in 

sacrificing l>ecatombs, or burning a thousand delicious perfumes 
*to his honour, but in acknowledging and pinclaiming aloud his 
wisdom, his power, his love, and his goodness.” 

There now followed a long period of total darkness, in 
which the minds of men, in the gloomiest depths-of spiritual 
prostration, were content to register absurdities and perpetuate 
mistiikes. During this time, rational Physiology was almost 
extinct, and, in its place, men were content to explain the phe¬ 
nomena of life by astrology and iilchemy with Paracelsus; by 
an *arch(vas* or intelligent being, placed in the epigastric 
region with Van Ilelinont; or by ‘animal spirits* with Des 
Cartes. The person to rouse the world from their 
15*43 sleep, and i)rosecnte science by the true mode of 

examination and experiment, was Vesalins. Of 
great talents and an inquiring disposition, he early evinced a 
decided predilection for Anatomy. So powerful was this taste, 
that to gratify it, he has stolen l)odies from the gihhet, and 
dissected them in his own bed-room. The results of sncIi 
investigations were not long doubtful. lie soon proved, that 
Galon’s anatomy was in many places faulty, and generally 
taken from apes and other inferior animals; he hesitated not to 
make public his discoveries, and at the age of twenty-five, 
undertook and produced a treatise on Anatomy founded on his 
own dissections, which for arrangement, copiousness, and 
accuracy, is admired to this day. 

Of course, such a rcvoluiitai in the medical world would 
not he tamely submitted by those ^\ho had grown gray in 
the belief of the infallibility of Galen. A powerful party was 
foimed against our young innovator, his doctrines were de¬ 
nounced as heretical, and having some time after gained permis¬ 
sion to open a young Spaniard, who was said to have died of a 
singular disease, his enemies spread a rejiort that the young 
man’s heart had l)eat on being exposed, and accused Vesalius 
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before the Inquisition of dissecting men ali^e. Nothing less tlion 
the interposition of the king, (Philip II.,) whose physician he 
was, could have saved him from an ignominious death; he was, 
however, ordered to expiate Iiis crime by a pilgrime^e to the 
holy land, in retuming from which he was shipwrecked, and. 
died A.D. 1504. * 

Thus perished Vesjilius, a martyr *to his love for science: 
but the spirit of inquiry which lie had aroused, perished not 
with him. The fetters of authority that so long had cramped 
the minds of men were broken, and thev started forward In 
the new course that was opened to them, with all the vigour of 
“a giant refreshed from sleep.” The following century was 
signalized hy tliree discoveries equally beautiful and iini>ortaut; 
discoveries, which lent to ph^'siolugy a new interest and clear¬ 
ness, and first raised it to that elevated situation, which it now 
maintains. I’hese discoveries were, tlie hict€*al vessels by 
Asellius, a Professor at Pavia, iH 1622; tlie general l 3 unphatic 
s\^steln, Olaus Rudbtrk, a Swede, in*lG.31; and the great 
discoAviy of the circulation of the Mood, bj" ouruwn country¬ 
man Harvey, wliich in some measure led to the other t\/o, 
and wliich was first announced in tlie year 1619. 

We may be permitted to saj' a few words on each of these 
discoveries. 

Ifarve^', after having graduated at Cambridge, proceeded to 
Padua for the purpose of prosecuting his medical studies. 
From his auatonijcal instructor liere, the celebmted Fahricius, 
he learned the latel^’-discoviTed fact of tlie nature and vStruc- 
turc of tlie valves found in the v’eins; he also possessed himself 
of the observations of Servetus and Casalpinus, respecting the 
jmssage of the Mood from the right side of the heart to the left 
through the lungs, and also of the effects of ligatiircs applied to 
the veins in living animals, causing them to swell on the side 
remote from the heart. Carefully reflecting on the knowledge 
thus acquired, enlarging it hy accurate dissection and repeated 
experiment, he at length aiTived at the clear and perfect de¬ 
monstration of the double circulation of the blood, which he 
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taught in lectures arf^arly as 1619: and of which he puhlislied 
his beautiful and philosophic proofs in the work entitled 
Htatio Afuxtoniica de Motu Cordis et Sanpuinis in Animalibus, 
Frankfort, 1628. It W'as not to have been expected, that the 
prejudices of centuries would be tamely surrendered to truth 
ever so fairly p^pounded. Accordingly Harvey soon found 
that he had excited against himself a host of opponents, who 
according to the most approved method in suck cases, first 
denied the truth of his assertions, and when these were proved 
by incontrovertible experiments, then turned round and de- 
jclared, tlmt tJl this was to be found in Hippocrates, i’lato, and 
Aristotle, that they had been long acquainted wdUi it; and in 
short, that like the Bourgeois gentilhomme, “they had l)een 
speaking prose forty years without knowing it.” 

One of the firet to enter the lists against liim, was Dr. 
Primrose, and perhaps, it may be entertaining to adduce from 
his tract published in 1630, ane of those ai^puiients by which 
Harvey was attempted to be refuted. For Uarve^^’s theory, it 
was necessaiy that all the blood in the body should pass through 
the heart and arteries, and lie, by a very ingenious calculation, 
showed that they vrere fully competent to the office. He fur¬ 
ther showed that they w'ere constantly full, by the simi>lo ex¬ 
periment of opening one in the living lx)dy. To this Primrose 
replies, that the arteries did not really contain blood onougb to 
carry on the circulation ; that the reason why tlu-y'appeai-ed to 
do So might be explained by reference to a well-known fact. 
“A little milk put down in a large vessel will, by the heat of 
the fire, entirely fill it or even boil ovoi-. In the same manner, 
a very little blood fills the heart and arteries, hxause it boils 
€iitdstDells up!^* 

Harvey had the good fortune to outlive the silly opposition 
to his arguments, and to see his doctrines embraced by all en¬ 
lightened and liberal persons. His investigations were not 
confined to the human body, but extended to several of the in¬ 
ferior animals, for wliich he gained the ridicule of his oontem- 
porartes, who considered such subjects as beneath the notice of 
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a philosopher; hut they led him to a recitation of the theory 
of “Equivocal Generation,” so favourable to the views of the 
atheist, and enabled him to establish the important fact, that 
every living being had its origin from some antecedent living 
being by means of an ovum or germ, or to give fiis own brief 
and compreliensive form of expression, 

We shall speak more briefly of the other two discoveries, 
as being less interesting to the general reader. It will be re¬ 
membered, that we shitcd Heroj>hihis to have oliserved the 
lacteal vessels. As he did not, however, explain their uses, 
the recollection of their existence soon ])assed away. Asellius, 
in opening a living dog for the purpose of noting the move¬ 
ments of tile diaphragm, observed several wliito filaments run¬ 
ning on the mesentery. These, at first, he mistook for nerves, 
but^ having punctured one of them, he found it to exude a 
white inilk;y fluid. At this sight, he sjiys, he could scarce 
restrain his joy, and turuiug to frome noblemen who were pre- 
eeut at his demonstration, he called on d;hem to witness his 
triumpli. He did not stop here, ^but by many experiments 
and observations, showed tlieir true use to Iw tlie taking up the 
nutritious matter of the food after digestion, and conveying it 
into the circulation. He tailed, however, to trace these vessels 
to their ultimaie termination, a task which was performed 
almost lit the same time by Riidbcck, Hartholin, and JidyfFe. 
They discovered vessels similar to those of Asellius through 
all parts of tlie body, to which they gave the tenn lymphatics, 
from the clear nature of tlic fluid they carried. They also 
discovered tJic grand trunk of the whole system, to which 
Pecejuet who had also observed it, gave the name of tlmHumc 
duct, and they traced it to where, emptymg itself into the sub¬ 
clavian vein, it joins the general circulatory system. 

This ceutury boasts also of Malpighi, whose researclies into 
the intimate structure of organs, have 0 }>€ned the way to im¬ 
portant results; and of Ruysch, wlio first invented the mode 
of injecting vessels with a substance (such as wax) which on 
cooling, should become solid, and thus enable him, after re- 
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moving the surrouiiding parts by the knife, or by corrosive 
applications, to obtain an exact cast of the minutest parts of 
the vascular system. 

Towai>ds the close of this, and commencement of the follow- 
iiig century, flourished Herman Boerluiave. His 
1600(such as it is) must depend rather on 
his medieai skill than on anything he did for 
Physiology. He liad more learning than knowledge, more 
eloquence than judgment: his clerical education (he was ori¬ 
ginally destined for the churcli,) inclined liim rather to meta- 
pliysiciil iiK[iuries, thmi to the observation of facts: he was a 
commentator, not a discoverer, an ingenious reasoner rather 
tlian an original thinker. Following in the train of Bellini 
and Borelli, he may be said to have brought the mecUanicvil 
school of physiology to its licight. In their hands, the body 
became iiuthing more than a liydraulic machine, in wliicli nil 
the functions of life were carsied on by mechanical movt'inents, 
subject to the sjimc daws as inert matter, and eciually suscep¬ 
tible of mathematical demonstration. Of tlic certainty which 
might tlviis be arrived at, we shall give one example. Borelli 
and Keill separatel}' calculated the force of the liciirt’s action 
on the blood, when, after the same show of formula? and 
duigrams, the former concliuied it to be 180,000 ]>(nin<ls, 
^while the latter, reduced it to the moderate sum •f eight 
ounces! 

Of Hoffmann and Stahl, we shall say nothing 
1718 than, that having framed theories, they 

showed sufficient tact in tv'-isting facts so as to sup¬ 
port th^. They seem to have adopted the poet’s idea, 

Hes adjungere inilii, baud mu rebus. 

But people were novr getting tired of hypotheses that supposed 
everything and proved nothing; that might have upturned the 
world, had they a single point whereon to rest. Lord Bacon 
had some time before shown the true method to bo pursued in 
acquiring knowledge, and the application of his mode to Phy¬ 
siology forms the inost important epoch in the history of that 
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Boience, and quickly conducted to tlie most beautiful and eac^ 
tensive results* 

The man by whom the application was made, was Haller. 
From his earliest' childhood, he had shown marks of 
decided genius. To the fervid imagiuatidh of a poet, 
he added the solid judgment of a philosopher. From 
the one he derived an enthusiasm which wos neither to be re¬ 
pelled ])y difficulties, nor cooled by opposition; from the other 
an accui'acy of investigation that penetrated the most skilful 
sophisms, and a l^oldness of spirit that feared not t6 expose 
error, by whatever autiiority it was sanctioned. 

Well aware of the intricacy and importance of his subject, 
he spent many years of unremitting labour, in prqiaring him¬ 
self to treat it in the manner lie felt it deserved. After making 
liimself master of general science, he proceeded to Tul>ingen, 
w'hcre he studied comparative anatomy under Duvemoy, From 
tliat, he removed to Leyden, ^ndiich at that time (172/),) 
counted amongst its professors Albinusand Boerhaave. 

Having spent two years hei*e, lujd displayed very accurate 
anatomical knowledge in a thesis, which he published; he went 
to Knglaiid, where he made himself acquainted with the views 
of Ciiesfldeii, Sii' Ilans Sloane, and Douglas, then our most 
celebrated profesMirs. He then proceeded to l^aris, where he 
studiedwmatomy under Le Dran, famous for his surgical skill; 
and afterwards to Basil, where, under Beniouilli, he completed 
his mathematical knowledge, keeping up, at the same time, 
liis ha})its of dissecting. 

In 1734 , wc find him lecturing on anatomy at Berne, his 
native town; the year following, intrusted with the hospital 
and public library; and in 1736, George the Second, being 
anxious to establish a character for his new university at Got¬ 
tingen, ottered Haller tlic chair of medicine and anatomy, 
w’hich he accepted, and read his inaugural dissertation in Sep¬ 
tember of the same year. From this his fame daily increased, 
and with it his endeavours to merit it. Not confining himself 
to the mere duties of his situation, he extended lus laborious 
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r»earch«s to every oWwt worthy the attention of the physician 
or the philosopher. He tells ns himself, in the preface to his 
Elements of Php^ol^^ that he had dissected three hundred 
and fifty human bodies, and a still fyreater number of inferior 
animals, mafSty of them alive. He had repeated all the experi¬ 
ments of those who went before him, and instituted many new 
ones of his own. He had ensyae^cd his pupils, several of whom, 
such as Zinn, Meckel, Zimmerman, &c., afterwards attained 
the highest celebrity, to undertake each the examination of 
some difficult anatomical or physiological question M*hicli he 
proposed to them, and the results of wliich he himself over¬ 
looked. He examined the motions of the heart and luncfs in 
living animals, explored the course of the hlood in tlie trans¬ 
parent vessels of cold-blooded animals, described the formation 
and growth of hone, explained the difference hetween irritabi¬ 
lity and sensibility, the former of which he attributed to 
muscles, the latter to nerves, end made a series of masterly and 
accurate observations on the eliiek in (ivo, from the tinie of its 
appearance as a red piilsfiting speck, until, compJett' and 
finiahed in all its parts, it breaks tin* shell and issues fortli 
to life and light,’’ After tAventy years s]>ont in such pur¬ 
suits he ventured to commence his long-projected work, yet 
with all the modesty of true gimius, he declares his feeling 
that his preparations Aveie not vet sufticient. The wf*rld, how¬ 
ever, decided otherwise. Stiuek with the beauty and order 
that pervaded every paH of the work, with the aecuraey of his 
experiments, the force of liis argumentH, the candour with 
which* he attributed all due honour to other writers, and the 
modesty with which he proposed his own opinions, they 
declared the EUments of Physiology to he as proud a monu¬ 
ment as Avas over erected by genius to seionee, and conferred 
on its autlior the title wdiich lie s+ili so justly bears, '■‘The 
Modem Father of I’liysiology.” 

It is gratifying to know that Haller wjis as estimable in 
private, as venerable in public. In his youth, lie iiad l>een 
drawn away by the specious plausibilities of the Frcuch Ency- 
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clopedista to express some doubts of the truth of Christianity; 
hut his wjts not a mind that could rest Satisfied with doubt* 
He set liirnself to a deliberate and careful investigation of the 
arguments on each side, and the result was, as it ever will be, 
when tliB exmnination is made with a candid, simpki, and un¬ 
prejudiced mind, a thorough conviction of truth of our 
religion, and of the miseries and evils which, even in a tem- 
j)oral state, would attend on a general profession of inhdelity. 
There ctm scarcely be a more splendid object of contemplation 
than the mind of tliis great and good man, gradually freeing 
itself from the cliilling mists of scepticism, and the clouds of 
false pliilosophy, to attain the glorious light of a full and per¬ 
fect l^itli. Such a spectacle are we presented with in his 
Jjfstters, his Brief Demonstration of the Truth of Christianity^ 
bis I^reface to Formey’s Exantea du l*jfrrhonisim^ and in several 
])assagC8 scattered through his numerous Avorka. But both our 
coufined limits and the nature of ^our undertaking prevent us 
jmrsuini; this subject furtber at present. 

Before TItillcr’s days Pliysiology w;>^ little mom tlian a col¬ 
lection of isolated facts. He first gdve it a local habikition 
and a ULiune.” He has formed the grand outline of a science 
w'liicb it lias been the office of subsequent labourers to embel¬ 
lish and fill in. 

Here tlicn we shall terminate our Historical Introduction. 
To j)roceed further would be to enumerate names. John 
Hunter, Bichat, Cuvier, Blumenbach, Majendie, &e., already 
familiar to every ear, or to give a suiimiary of their discoveries 
which must be found more at length in the body of the work. 
[The Chronological Table at the end of the work will supply 
the smaller links iu the history of Physiology.] 
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LIFE AND ORGANIZATION. 

To investigate the laws of animated natin'ip; to trace the plant 
from the seed, oifcthe animal from the ovum; to observe them 
developing the qualities, or perfonning the duties, to wlxicli 
they have been destined by an all-wise Creator; to inquire 
into the, beautiful structum and arrangement of organs by 
which they are enabled tp “ live and have their beingto 
notice their rise, progrt'ss, imd gmdual decay,.from the time 
that, radiant with youth and beauty, thej' spring up to life 
and the light of day, until, exhaiisted and worn out, tlicir 
appointotl time being come, they again return tO the earth 
whence they were taken—such arc the interesting, the all- 
ahsorhlng objects of a science Hint has hitherto been considered 
too dull and abstract to engagp the attention of geneml readers, 
too theoretical and jiaconelusive to extend beyond the schools 
of medical philosophy. 

That in pursuit of physiological knowledge there arc many 
difficulties to he overcome, it is not attempted to deny. “ The 
gods," says the old poet, “ have placed labour and toil in the 
way leading to the Elysian fields." But many of those diffi- 
eultii* arose from the subject being enveloped in teehnicid 
lauguago and interspersed with technical details interesting 
only to the profession for whom W(jrks on this subject have 
hitheito been comj^used. The habit, too, of presupposing a 
knowledge of anatomy, wliiclv general readers cannot be cx- 
jKicted to possess, luis .increased the obstacles that lay in the 
way of this “ prqjier study of mankind.” 

In the present little work an attempt will be made to ob¬ 
viate some of these difficulties. The j»rominopt facts of the 
science will bo stated as far as is practicable, in familidf language. 
Anatomj’^ will be introduced to tlie extent necessary Ifor iindcr- 
standing the physiological mattera under consideration, and' 
Avood-cuts will be occasionally resorted to when found to bo 
the most efficient modes of explanation. 
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When we turn our eyes abroad, and ybntcmplate the ever- 
varying scenes by which we ore surrounded, the endless diver¬ 
sity of bodies, each filling its appropriate part in existence, and 
each seeming to obey the laws impressed on it by some master¬ 
mind ; we observe that certain of them are withSrawn, as it 
were, from the more general laws to which fnatter is subject, 
and endowed for a time with a peculiar power, in consequence 
of which they become furnished with a new and peculiar set 
of properties. These bodies are living bodies;- this power is 
life. Living bodies arc usually divided into the animal and 
vegetah." ^ kingdoms. It ina}’- seem at first sufficiently easy to 
mark the distinction between an animal and a plant, md as 
long,as we confine our views to the higher orders of animated 
beings there is no room for doubt. But when we. descend in 
the sc-ale to the rjidiated animals, whicli present a nervous 
system but partially developed in some cases, and invisible in 
others, no organs of sensation, no fbservable mode of connexion 
with the external world; it then becomes necessiiry to inquire 
more accurately into the peculiar p<|iiits which should decide 
us to arrange them under the one class or the other. Perhaps 
the uKvst certain of these is the presence of a digestive organ. 
This, in its simplc.st state of a bag, witli but one orifice, into 
which the food is conveyed, and fi-om which the excrementi- 
tious matter is rejected, is invariably found to exist even in the 
simplest sfiite of animal life. From this bag arise small pores 
or vessels, through which the nutriment passes for the support 
of the body, while in plants this office, is perfonned by roots 
communicating directly with the ground; and, it will be ob- 
sciwed, this variety of apparatus is a necessary part of the 
design whicli conferred the power of motion on the former, 
and w-hieh denied it to the latter. Cuvier mentions three 
other marks of distinction which, however, are by no means so 
general. Tlie^ are, the presence of nitrogen as one of the 
chemical components of all animal l>odies, the existence of a 
circulation and resj)iration. Nitrogen does exist in all animal 
but some vegetables, the extensive classes of and 

4 
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also coi!|am it, and in cafein^ a principle extracted 
£tom coffee, there is actually a j^reater quantity of it than in 
most animal substances. Circulation is not found to exist in 
the lowest^class of animals, hut some animalcules have simple 
TSMiels; insects liavc the dorsal vessel, and crabs have n distinct 
One^elled heart J so that, from the presence of the oryant, we 
may infer the existence of the fmetim of circulation. As for 
Mepiration, the leaves of plants so exactly resemble in their 
4ik!tion the lungs of animals, in taking from the air those parts 
that are useful, and returning to it such as are unnecessary or 
injurious, that they are now familiarly spoken of by vegetable 
physiologists as respiratory organs. 

What life we know Hot; what life doefi^ wo kuow^ well. 
Life cm/iieracts the laics of gravity. If the fluids of our bodies 
followed the natural tendeiiev of fliiich, the\ would descend to 
our feet when we stootl, or to our backs wdieii w’o lay. Tin* 
cause why they do not ma-y be retVnvd iiniuodiately to the 
action of the lieatt and vessels; hut it is evident that thev 
derive that power from life. 

Life resists the ejffects ofmechamcal 2 '>ower.oi. Friction, wliieh 
will thin and wear awav u dead body, actuollv is the cause of 
tilUckening a living. The skin on the labourer’s band is tliiek- 
ened and hardened to save it fi*oiu the effeets of constant eoii- 
tftCt W'ith I'oiigh and hard substance*'. The feet ol‘ the African, 
who, w’itbout any defence, widks over the burning sands, ex¬ 
hibit alwa^ys a tliiekcnod covering; and a la,^er of fat, a bad 
conductor of heat, is found deposited between it and tlie sen¬ 
tient extremities of the nerves. l*ressiire, wdiich tluns inor¬ 
ganic matter, tliiekcns living matter. A tight shoe produces a 
com, which is nothing more than thickened cntiele. The same 
mubcle that wdtli cane raised a liundi-ed pounds when alive, is 
tom through by ten wdun dead. 

Life presents ckemieal agency. The body, when left to 
itself, soon begins to putrefy; the sevei.d imrts of wdnch it is 
composed, no Ioniser under the influence of a higher controlling 
power^ yield to their chemical athuities; new combinutions arc 
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fomied, ammoniaca], sulphuretted, carl)U|%tted, and other gases 
ard giren ofiT, and nothing remams but a little dust and ashes.” 
This nerer happens during life. 

Life modifies the power of ketU. Beneath a tropical sun, or 
within the arctic circle, the temperature of the human body is 
found unaltered when examined by the therftunneter. Doctor 
Fordyce, Sir Charles Blagden^ and othei^ exposed themselves 
to air heated above the point at which water boils, yet a ther¬ 
mometer inserted under the tongue stood about its usual height 
of 98® to 100®; and the sailors, who, under Captain Parry, win¬ 
tered so near the North I*ole, when examined in the same way, 
constantly afforded the same results. 

Finally, life is the cause of the constant changes that are going 
forward in <mr bodies. From the moment that our being com¬ 
mences, none of the materials of which we are composed con¬ 
tinue stationary. Foreign matters are taken in from without, 
and, by the action of what areatermed the assimilating fimc- 
tions (to be explained hereafter), becomeipart of our compo¬ 
sition; wliile, on the otlier hand, the materials of which our 
frame had been built up, being noVold, and unfit any longer 
lor the performance of the necessary duties, are dissolved, as it 
w'cre, into a liquid or gaseous fomi, coiive^^ed by the absorbents 
from the i)lace which the new matter comes to occupy, and 
finally expelled from the system by the outlets provided for 
this purpose. In this point of view, tlu'ii, it is life which gives 
unity to the several successive combinations of matter tliat 
apjMiar under the same general form; and from the constancy 
of this fonn i-esults the certainty of our divisions of aninials 
into species. The utility of such an easy mode of recognition 
must be obvious. Had tlie arrangement been otherwise, and 
the general fonns been made subject to change, we should have 
had no meuns of distinguishing, at a disf»’iit view, noxious 
animals from such as are useful to our comforts or our luxuries; 
the wolf might have dwelt amongst our flocks, for the eye of 
the aliepherd would then liavo failed to detect him. 

But the very existence of this consttmt addition of new 

c2 
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particles, tliis constfugit intenial motion in our textures, leads 
to the ultimate destruction of that life of which it is a present 
result. In childliood tlie w'holc supply is necessary for main¬ 
taining ou]^ growth and developement. The season, however, 
for this, is soon past. At birth, the child usually possesses 
more than one-fourth of the height to ’which it will attain; 
one-half is gained when it is two years and a half old; three- 
fourths between ten and twelve; while its full stature is com¬ 
pleted generally at the age of eighteen or twenty. For a time 
the -wild restlessness and unceasing exertions of youth work off 
the additional (luantities of nutritiv'e matter supplied by vigo¬ 
rous powers of digestion. But the youth becomes a man. 
The serious business of the world commences. His careless 
recklessne&s, his wild exuberance of spirits, wdiicli evinced 
themselves in constant exertion, are now sobered down. He 
becomes more sedate, his actions less violent. Tlie particles 
which are now added to his^Trame begin to increase it in bulk. 
His ninscles aetjuire additional weight, his brmes increased 
solidity, and fat commences lo accumulate in the cellular tex¬ 
ture. He is, however, still powerful and vigorous, ho is, in 
fact, in the pride of manhood; -when the perfect body is 
governed by a matured intellect, and the consciousness of j'ower 
is moderated by the calculations of wisdom. 

The change still continues. The fibres of the body become 
itgire and more rigid; the solid parts increase, while tlie fluids 
diminish ; there is no longer the easy pliancy of limb, the flexi¬ 
bility, the grace, the facility of motion If matter contiiines 
to be added now, it is laid down in the form of fat, which 
seems the least animalized and easiest socreied of the princii>les 
of our bodies. It collects chiefly on the face, hands, breasts, 
and in the abdominal cavity. We then have 

.The justice 

In fair round belly with good cap<jn lined. 

But perhaps the digestion begins to fail w’hile absorption 
still continues its progress. The materials ai’e carried off faster 
than I'eneWed* The system makes a last struggle against this 
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preponderance; the fat which had heen previously deposited is 
called in to assist in the general nutrition. This supply is 
quickly exhausted. The density of the textures has now 
almost raached its utmost. The vessels no longer yield to the 
fluid which distends them; its course is obstructed,* the circu¬ 
lation grows slower, with it the animal he#t is diminished. 
The extremities of tlic nerves, lacking the moisture necessary 
to the proper execution of their functions, are no linger affected 
by objects .os heretofore. The ear becomes hard of hearing; 
the eye is dimmed; the tongue has lost its taste. The flame 
of life bums more and more feebly, till at length the worn-out 
frame “ Sinks to the grave with iinpcrceived decay,” and gently 
yields its spirit to the God that gave it. Thus the physiologist 
confinns the poet’s maxim, 

.omnes iina manct nox, 

Et culcanilu soiucl viu letlii, 

and evinces the necessity of wlmt holy writ declares, “It is 
ordained unto all—once to die.” • 

Tile simj)lest form in which we see life displaying itself, 
re<jiiirc.s a structui'C of solids and li([uids; the solids forming 
meshes <u’ cells in which the liquids are contained, and a 
mutual action and reaction appearing to exist between them. 
This is the earliest effort at organization, and is nearly a de- 
scni)tion of the lowest orders of animals and plants. For 
instance, the niedusse, those Jelly-like masses that arc observed 
floating on the sea, are little more tlian a double sac, contain¬ 
ing ill its intervals an immense quantity of watery fluid. Their 
chief function is nutrition, which is equaUy performed by the 
cxterruil surface, answering to the skin, and the internal, repre¬ 
senting the digestive organs; and a hydra, or fresh-water 
])oly})us, when turned inside-out will continue to live as visual, 
the external surface then appearing to become the stomach, 
and the internal the skin. Yet even this structure, simple as 
it is, cannot be framed or imitiited by the most ingenious 
earthly mechanic, llis power Ls confined to inorganic matter,, 
The chemist can resolve green vitriol into itS component parts. 
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sulphuric acid and hxide of iron; lie can put those )>aTts 
together again, and make the vitriol as perfect as before, but 
an organic body is beyond his power. He can resolve it, 
indeed, into its solid and fluid constituents; he can still further 
show these *to be made up of what he calls elementary prin¬ 
ciples, such as oiygen, hydrogen, nitrogen, and carbon; but 
no exertion of human intellect has yet been able to put them 
t<^tber again, and make from them an organized body. 

We never,” says Cuvier, “see matter either organizing itself, 
or organized by any external cause.” Chevreul, indeed, made 
what he calls a sort of oil, by the action of sulphuric acid 
on cast-iron; and Berai'J made something analogous to fat by 
passing a mixture of carbonic acid, imre hydrogen, and earhu- 
retted hydrogen, in the proportion of one measure of the first, 
twenty of the second, and ten of tlie third, through a red-hot 
tube; but no person ^^ill consider such very loose analogies as 
any reply to the general principles we have advanced. 

[Wohler and Li^'hoghavc produced nrea in the laboratory; 
alfflitoin, another animal principle, has also been formed by 
artificial means; a fluid analogous to the gastric juice was 
obtained by Eberle, in 1834, and there ai'e a few more similar 
facts on record. There are some who recognise in these results 
the first facts of a science that will teach men to produce at 
will, from inoi^anic elements, the organic products of animal 
as well as of vegetable life; and who not only identify these 
artificial products with analogous principles elaborated in living 
beings, but generalize the operations wheref^ both arc prodttecd: 
but the greatest philosophers are less sanguine of tlie first, and 
more humble in the last; they cannot regard the same other¬ 
wise than as isolated, though successful, imitations of the most 
simple of the physical products of life; they are anxious to 
disclaim the presumption that the powers of the chemist ai'e in 
any way allied to vital agencies.]] 

Life is constantly found combined with organization. Hence 
an attempt has been made to deduce the conclusion that it is 
the result of organization. Now, as fai* as the feet of exj-exist- 



UFE ^ICD ORGANIZATION. 


2 $ 

enoe goes, it would equally prove that (Organization wdsthe 
result of life; but an experiment, first’ carefully made by 
Reaumur, and since often repeated with uniform success, will 
teach us which conclusion to adopt. Take one of the cruistac^ 
for instance, a fresh-water crab. Break off one of Its claws at 
the joint, and preserve the animal where you#may observe the 
process of reparation that ensues. An exudation of a shapdess 
mass of matter first takes place from the end of the stump: by 
degrees it bwoincs hard on the surface, and something like a 
nail appears at its extremity. At (jach period of moulting, this 
limb grows in a greater degree than any of the rest, becoming 
at the same time juore of a natural shape and structure, until, 
after a given number of moiiltings, it la'ccmes a perfect claw; 
jHirfecl ill organization and functions, with slndl for protection, 
nerves and muscles for motion, and vessels for nutrition. The 
Hjinic process we sec going forward, in a lesser dcgi*ei!, in omr 
(»\vn bodies, whenever it is neces^i^ry to repair a wound, or fill 
up a breach in the continuity of surface; ayd it is well known 
to surgeons, what a beautiful provision is made for the carry¬ 
ing away diseased lione, and rejiroduring healthy, in the affec¬ 
tion called Necrosi^. iNou', iis tlie cause must exist before the 
effect, and as in att these (;ases we sec tliat tlie life existed 
previously to the new htruiiture which is springing up before 
our eyes, it follows tliat life is the fomative principle, and 
organization the result. 

To follow up this argument a litthj further. Life, ns we 
liave shown, is the cause of organization. But the most accu¬ 
rate ()bservatious of Natural Philosophers liave never been able 
to show life originating spontaneously; nor can it be the result 
of chemical or mechanical causes, for it exerts infiuenocs di¬ 
rectly ojiposed to tlicir laws: we all have received our life from 
living beings of whose bodies we once formed part, in the shape 
of ova, germs, &c.; our forefathers, in like maimer, received it 
fi*om the generation before them: coupling, then, these facts 
with the well-knowTi increase of the population of the world, 
evinced by all accurate statistic accounts, and its consequent 



24 LIFE AND <]aaANlZATION. 

decrease, as we trace it backwards, we are led directly to the 
doctrine of a common ancestor, who must have derivod his life 
£rom the Creator. 

We have observed above, tliat organization, even in its 
rudest form^requires a structure composed of solids and liquids. 
In the instance tj^ere given, they are both extremely simple; 
the solid part appearing nothing more than a loose cellular 
structure, and the liquid water holding in solution albumen 
and a few salts. This albumen is invariably found in the nu¬ 
tritive fluid of animals of all orders. It is therefore looked 
on as the nutritive principle, that of which the several parts of 
the body are formed. It exists in the body in two states; 
first, liquid, in which state it is one of the constituents of the 
blood; iuid sec^ondly, solid, as found in cellular membrane, 
skin, glands, &c. Liquid albumen is best procured from the 
Tivliite of eggs, which consists almost wholly of this principle 
dissolved in water \^ith a littjp soda and Siilts; in fact, exactly 
resembling the flui^ found in the medusa, and serving to the 
same purpose, the growth of the animal to wliich it belongs, 
and which, in this case, is the chick contained in the egg. 
Liquid albumen is coagulated or rendered solid by various 
causes. In the egg, exposure to heat produces this efl'ect, and 
it then appears a white, solid, opariue body. On this property 
is founded the method of clarifying ])y means of albuminous 
solutions. For instance, wlien you add tlie white of an egg to 
boiling coffee, the albumen, being coagulated by the heat, 
entangles in its substance all the particles which are floating 
about undissolved, and carries them with it to the surface of 
tlie liquid. 

Mineral acids affect allmmen in the same way jis lieat, but 
W'hen once coagulated by these means, it is no longer capable 
of resuming the liquid form. If, however, you exj)ose it in 
tbin layers to a current of air, it dries, jmd becon\es a solid and 
transparent substance, which retains its solubility in water; in 
short, in external cliaraeters it closely resembles that simplest 
of animal sedids, wliich n e have already named cellular mem- 
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brane, and of which chemistry shows it to be the principal 
component part. We may thus observe, at the commencement, 
as it were, of animated nature, tlie close and necessary con¬ 
nexion between the solids and the fluids from which they are 
formed. On this simple basis are all the orders hf animals 
built, tlie blood still increasing in complexity of composition 
as new organs are added, or systems multiplied. 

Cellular membrane then is the most important, as it is the 
most universally met with, of the solid parts of animals. It 
jireseiits itself in the higher classes as a thin, white, sometimes 
semi-transparent, membranous substance, continuous through¬ 
out the whole body, exhibiting nowhere either commencement 
or termination; it is comjwsed of filaments and laminas meeting 
together in all directions, so as to enclose cells of a great variety 
of sliapes, which cells communicate freely >^'ith each other, so 
that air or liquids will readily pass from one to the other. Of 
this eii*cumbtiince, a dishonest ai^^/antage is taken sometimes 
by butchers, making a hole in one of ijie cells, which are 
to be found everywhere, and introducing a pi]>e, can from it 
inflate all the cellular mcinl)rane of ti^e bodv, so as for a time 
to ulukc it look fuller and plumper than it really is. In dropsy 
also, the infiltration of fluid, when once it has begun, soon 
sprcjuls generally through this structure, which usually is 
foujid placed immcdiatoly beneath the skin. It is in such 
cases, that the surface pits on j)ressure; the finger squeezing 
the water out of the cells immediately under it, and as it only 
returns slowly, the impression remains evident for some time. 
'I’liis communication also shows why dropsical people usually 
find their feet and ankles most swollen towards night, the Water 
liaving gravitated during the day, in consequence of their erect 
position; and why, on the contrary, when they attempt to lie 
dowm at night, tliey are so often seized vs’ith difliculty of 
breathing, and obliged to start up suddenly, or have themselves 
supported iii tlie bed with pillow^s, as the water is then pouring 
back on their chest, and iinj)eding the actions of the lungs and 
heart. 
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The cellular mehibraiie is to be met with everywhere. It 
^velopes every organ, and enters into its substance; it gives 
sheaths to the vessels, to each muscle, and to every particular 
fibre of each muscle; it encloses the nervous matter; forms the 
frame-pworl^, which, hanlcned by the deposition of earthy 
matter, constitutes the bones; and fills up all spaces m the 
body not occupied by more useful pai*ts. Its properties aro 
very simple; cohesion, flexibility, extensibility, and elasticity. 
This last is the property of most importance, and ia that by 
means of which we must suppose it capable of causing a motion 
in the fluids of the bodies of the low'er animals, where it is the 
only solid. This quality is carefully to be distinguished from 
tliat power of muscles tenned contractility, as it is produced 
by wholly different stimuli and maintained in a wholly differ¬ 
ent manner. It is on this power, as shall have occasion to 
show hereafter, that tlie action of the vessels depends, and of 
the yellow' ligamentous matter, which, in quadrupeds with 
heavy heads, as th^* cow, the lioivse, or the elephant, is so ad¬ 
vantageously stretched from the spine to the l)a( k of the head, 
to support the immense weight which w'ould otlierwise require 
a constant and most fatiguing muscular exertion. 



Head and neck of l-^lcphant; bhowitig bituation of this ligamont, which is 
termed the ligamtntum ttuchue, and, by Palry, the pajc-twtx. 

Nervous influence and electricity, which at once produce 
contraction of the muscles, are totally unable to excite this 
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power to action. Tlie membrane in the living body may be 
cut, or tom, or pricked, without producing any pain, but ita 
elasticity may be excited by the contact of some irritating 
su>>stances, but more particularly by the action of cold, inso¬ 
much that persons in whom this structure abounds, find them¬ 
selves perceptibly shrunk in cold weather, al!d their clothes 
hanging loosely about them. This tendency is also shared by 
the skin; and, in consequence, a bleeding from the surface, or 
from the lining membrane of the nose, which we shall after¬ 
wards show to be nothing more than an internal skin, is com¬ 
monly stopped by the application of cold, either by means of 
a large iron key put down along the spine, or, what is better, 
a handful of sjilt slowly stirred round in water until dissolved, 
as by this means, a marked reduction of temperature is pro¬ 
duced. Another advantage of the clastic qualities of this sub¬ 
stance is taken in the construction of the elephant’s foot. 

The elephant walks on the poij*ts of its toes, and to prevent 
them from bending under its enormous weight, a cushion of 
this cellular membrane, fine, close and elastic, containing in its 
interstices a solid gmimlar fat, occupies all the hollow part of 
the foot, and foiins in a great measure the support on which it 
rests. Any ])ers()n will readily comprehend this mechanism, 
who just half bends his fingers, and plac^cs them with their 
points against a table, and observes how useful an elastic 
cushion under the palm would be, in enabling him to support 
a weight ])laced on the hack of tlie hand. A similar contriv¬ 
ance is found in the foot of the tiger and the common cat, 
placed both in the centre and under each individual toe; hut 
its ufi(^ here is to break tile fall in the immense hounds they 
make wdieii attempting to seize their prey. How little a cat 
suffers in leaping from a great height, is well known. 

This tissue is found in considerable abundance beneath the 
skin, and os it is in its cells that fat is deposited, this accounts 
for the fat heiiig so much on the surface, in animals fed for the 
market, and the collections of suet about the kidneys arc the 
result of an exactly similar disposition, the cellular membrane 
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appearing in this ^tuation to be used as a sort of sheath for 
those delicate organs. 

As this is the first of the animal solids mentioned, it may 
be interesting to consider how its developement is affected by 
variety of'’situation, inasmuch as this bears directly on the 
great question, how far tlie varieties of the human kind may 
be attributed to climate and locality, Now a property of this 
membrane, not before mentioned, is, that it is eminently hygro- 
metrical; that is, it readily absorbs, and is swelled up by 
moisture. From this it necessarily’^ results, that the inhabi¬ 
tants of low moist countries will be of a fuller softer appear¬ 
ance than those whose atmosphere is dry, hot, and parcliing. 
Compare an Englishman with an Arab of the Deaei't, or a 
Dutchman with one of the Neapolitan lazzaroni. Observe 
how, in the former, the wdiole outline may he described by 
circles or curves gradually fading into one another; bow the 
interstices between the inusales are filled in, and the whole 
figure is round and plump: while in tbe latter, everything is 
hard, dry, and angular; the muscles start forth abruptly from 
the skin, and, on the least exertion, display themselves as if 
cleared off by the knife of the anatomist; the cellular mem¬ 
brane being here so witliered and dried up, as to afford but 
an extremely slender covering. This contrast is beautifully 
marked by Sir Walter Scott, in his description of the trial of 
strength and sleight of hand between Richard and Saladin, in 
tlie Tales of the Crusadet's. That the same point liolds good 
iji other animals will appear fiom eonipuring the light shapely 
limbs of an Arab steed with the heavy unsightly bulk of a 
Flandei's or Kentish dray-hor'^e; and it is remarkable that the 
slender bone of the fonner is so much closer in grain, and 
denser in material, that it actually outweighs the large open 
porous bone of the latter. In some animals, tbe cellular 
texture immediately beneath the skin is extremely lax, thus 
allowing great freedom of motion to tlie skin. This is peculi¬ 
arly observable in the Batrachian reptiles, such as the frog, 
toad, &e,; and in consequence of this, and the peculiar mode in 
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which they breathe, by swallowing the fiHr, they are enabled 
by filling their lai‘ge vesicular lungs, to inflate their bodies to a 
very great size. The fact has been long gdnce o^erved, and 
made the groundwork of the well-known fable of tlie Frog and 
the Ox. The skin is nothing more than a modiflcdtion of this 
cellular structure, but we slmll reserve the consideration of this 
until we come to the sense of touch. Other modifications of it 
present us w'ith the coats of vessels, ligaments, tendons, carti¬ 
lage, and bone; which last dilfers from the one preceding, only 
by containing a quantity of earthy matter, consisting chiefly of 
the phosphate and carbonate of lime. 

A more curious modification, and the last we shall notice* 
is that by which it is converted into serous membrane. In this 
fonn it appears exceedingly fine, transparent, deprived as it 
were of its cells, and lubricated on its internal surface by a 
fluid, whicli is constantly exhaled, and as constantly during 
liealih absorbed. Serous membrane Ls invariably found in tlie 
form of a shut sac, that is, a bag closed at lv)th its extremities. 
[Tliere is an exception to this in the serous membrane that 
envelopes the intestines of the female, which is perforated at 
the free extremity of the tube through which the ovule i>asses 
to the w’omb. This is the only place in the whole body where a 
serous membi’ane communicates with its exterior.^ It is used 
in tlie system to cover neighbouring organs which require some 
freedom of motion among themselves; and to fiacilitate this, it 
is always its external suiface that is applied to the organ, while 
its intenial, l>eing free, moves easily on the opposite surface, 
also intemal, with which it is in apposition. Thus, while it 
covers an organ, the oi'gan is actually outside it, and it is 
possible it) conceive the oi'gan freed from it without making an 
opening in it, or destroying its continuity as a closed double 
membrane. This probably requires a little further explauation. 
The most important of these membranes in the body, are the 
arachnoid, w'liich envelopes the brain ; the pleura, the lungs; 
the jiericarflium, the heart; the peritoneum, the intestines; 
and the tunica vaginalis, which, in foetal* life, is poutinuoua 
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with tlie peritcmeilm, but afterwards becomes a separate sac, 
and oovers its ovm oi^an. Now, perhaps, of these, the dispo¬ 
sition Of the pleura will most easily expldu how an orgAn may 
be covered by a membrane, and yet be without it. 

Thb £agfram will give an idea of the mode in whicli the 
sesouB saes would appear in a horizontal section of the chest 
made about its centre. 



A Tlie back-bono. 

BB The rib on each side Joined by 

D D Their cartilages to 

V The breast-bone. 

V Space occii}>!ed by right lung. 

« mtto by left. 

H X>ltto by heart. 

a i The senius sac, which at the 
some time investa tiie left 
lung and the opposite ribs: a 
ought to 1)0 closely laid agoinht 
the rib H; for the sake of dis¬ 
tinctness i t is a lit tic remored 
from it. Jt is,evidently the 
outside of the sae, which i^> 
laid against the lung and the 
rib. The inside, between « 
and f, is free, and here one of 
the surfaces glidee easily ovt'r 
the other, allowing the nec'cs- 
sary motions of the lungs tu 
expiration and inspiratioa. 


The serous membrane, it is evident, does not entirely cover 
the lung. A space is left, « .r, termed the rtiot of the lung, by 
which blood-vessels enter, also the first divisions of the wind¬ 
pipe, which are here represented subdividing themselves into 
three principal tubes for the right Jung, and two for the left, 
answering to the number of their lobes. 

The fact that a man’s head, though covered by a double 
night-cap, is yet outside it, may be added a.s a familiar illus¬ 
tration. It is clear, that to get inside it, he should rip it up. 

This cut will also explain a eet*ond fonn of dropsy; for us 
the exhalation takes place constantly on the inner surface, and 
therefore into a close sac, if the absorption should, at any time, 
from debility or other causes, become insufficient to lumove it, 
a coUeotipn of fluid must consequently occur, and as the ribs 
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will not yield, tho pressure is thrown eatirdy on the lungs. 
This lonn of dropsy, which is commonly termed water on 
the chest, is so much more dangerous than the former, which 
was mere infiltration of the subcutaneous cellular structure, 
inasmuch as a direct obstruction is here offered to<the play of 
the most important vital organs. The dai^ger is indeed so 
imminent, that not unfrequently an incision has heou made 
between the ribs into the sac, and the flilid thus drawn off. 

Small serous membranes, with a rather more viscid fluid, 
are also placed at all the joints, their outer surfaces being still 
those which are applied to the extremities of the hones, while 
the inner, resting against each other, afford beautifully smooth 
and lubricated surfaces for every kind of motion. It is clear, 
the thin aqueous cxlialation that sufliced, while the tDotiot|Was 
between two soft oigans, would no longer answer here. It is, 
thei'efore, changed in its <iualLties, rendered thicker, of a con¬ 
sistency more approaching that o 1 ^ oil, or much resembliqg the 
white of an egg. Anatomists call it synoviy; from its evident 
use, Paley gave it the appropriate name of joint-oil. Similar 
structures are found developed beneath tendons, in false joints 
the result of accident, and in short, wherever free motion is 
necessary, lint that no doubt should remain as to their use, 
when mot it >11 is prevenh^d, these structures disappear; thus, 
when a surgeon is trcatliig a fractured limb, as soon as the 
union of the bones has acquired some consisteucy, he becomes 
most anxious that the neighbouring joints should every day 
Jiavc a gentle degree of motion. lie knows that, if he neg¬ 
lected tills, the syiioviiil membrane of the joint would be 
absorbed, as if the constitution perceived tliat its offices were no 
longer reipiired; adhesion would take place between the oppcKUte 
surhices, and the jiatient would rise with a stiff joint. 

Comparative anatomy fumislies a still more interesting 
proof. The lungs of birds are immoveable, as w'e shall have 
occasion to explain more fully in our chapter on Respiration; 
consequently it would be of no use to envelope them in a double 
serous sac, as is done aith our lungs. Before, however, this 
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was aygued out bjf maxims reason, it waa Smown to the Power 
that secretly made and fasliioned them. The membrane ia 
omitted, and the lung;s adhere closely against the back-bone. 

Enough has now been said (in proportion to our limits) of 
this struoiure, which, from its ^ universally diffused, 

from its appearing to be the origin of the otlier structures, 
has received from De Bloinville the name of the generative 
element/* [The flowem of all wild roses consist of tour distinct 
parts pbiced in circles, one wdthiu the other. 1. A circle of 
five green leaflets upon the outside. 2. Another of five larger, 
and generally pink leaflets, called petals. 3. Another ring of 
more tlian twenty thin tlu’ead-like stamens; and, lastly, 
sevend thicker thread-like styles in the centre of all. No two 
of these parts differ more one from the other than the large 
pink j)etals do from the delicate thread-like stamens'; yet all 
are composed of the same cellular tissue, and the latter may bo 
changed into the former bj^ cultivation. In the cabbage-rose 
these threads mayk be seen in all stages of transformation ex¬ 
panding into broad ]>etals; and, like the metamorphoses of 
insects, should familiarize our minds witli the unitv of the 
internal structure of the whole, notwithstiuiding the apparent 
dissimilarity of the parts. 

The most simple plant when fully gi*own, and the embryo 
of the most complex, consist of the sfime material moulded in 
the same form—a film of cellular tissue, like a s<iap bubble, 
which has arrived at its maturity in the fii’st case, while in the 
last, it has to be condensed into cells, and vessels, and epidemi, 
before the tree can be developed. The adulcs of the most simple 
animalcule, and the embryo of a maininal, are also alike in fonii 
and substance; but the one has ]>ericcted its being, wliile the 
other, in words of anatomical aufliority, ** becomes condensed 
on the surface to fonn tlie skin; the skin folding inwards, 
forms a stomach, or by passing through the body forms an 
in^stinal canal, w’hich, by Lateral prolongations, form glands 
mid vessels:’* and the individual organs thus develojited, succes¬ 
sive^ assume the same series of clianges of form and fumtwn^ 
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fffkaher we trace them trough eeery species of animal^ from the* 
lowest to the highest^ or follow the same organs through the cUve^ 
lopement of the indiridwil man from his comeptim, to his birth and 
maturitg. We cannot too strongly impress these ^large but 
simple truths upon the student’s mind. The metamorphoses 
of this hrst tissue of life into parts that appeal to our senses m 
dissimilar, in size, and fonn, and colour, are inimmeiable; hut 
the matenal is the same in all, infinitely plastic and obedient 
to that Word which, in the beginning, said, “Let there be 
life.”] It has been sliown to be the earliest deposited of the 
animal solids, to be found in the simplest state of animal life, 
and to co-exist with a fiuid w'hich supplies the materials for its 
formation, the most important of which is albumen. The two 
other textuirs which are found in the more perfect animals, 
and which we have next to consider, are the muscular or con* 
tractile, and the nervous or sensitive. 

That part of an animal w'hiclf is usually tenned the flesh, 
or the lean, as contradistinguished from the Tat, is muscle. It 
is always of a fibrous ap}>earance, and Jn the higlicr animals is 
usually of u deep red colour, Avhich is owing to the quantity of 
blood it contains. The colour, however, is by no means in¬ 
variable, but seems rather proportioned to the perfection of the 
muscle and the (piantity of exercise it undergoes. Thus, in 
the carnivorous animals, the lion, the tiger, the cat, it is a deep 
and well-marked red. The same is the case in tire stronger 
graminivorous animals, as the home, the cow; and it will be 
observed that in this latter the muscles do not acquire their 
appropriate colour until in some measure advanced towards 
maturity, the flesh of the calf being well known to be white. 
In other animals, such as tlic rabbit, which, w’eak and timid, 
generally keeps itself s(|uutte<l in its hole, or ranges but a very 
short distance from it for food, and consequently has no neces¬ 
sity for much vigorous muscular exeilion, the muscles are 
white and soft; while in the hare, which has no hole for 
shelter, but depends chiefly on its speed fer protection against 
the attacks of its enemies, the muecular fibre is much more 
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^perfect;, distinct, and of a veay deep colour. M these last ta'o 
animals adso feed in exactly the same way, it cannot be true, as 
scane have pretended, that this difference of colour can depend 
on difference of food. The nearer approach to maturity, or 
the greater habit or power of cxerdon, are the true causes to 
which it should%e refmad. 

# 

The nature of the place inhabited is also to be taken into 
account, and we shall ffnd those mammalia that inhabit the 
sea, such as whales, dolphins, porpoises, exhibit a remarkably 
deep colour in their muscles, which may be fairly attributed to 
the great quantity of dark venous blood circulating in those 
animals. Of birds, such as are of high flight and powerful wdng, 
principally birds of pity, show this and other qualities of 
muscle in the greatest perfection. Birds, on the contray, tlxat 
fly to no great distance, do not nest in trees, but usually remain 
un the ground, have their muscles soft and white. Such are 
the common barn-door heil^ the turkey, the partridge. Age 
also shows its inflficncc here, lii many })Iaces pies are made of 
young rooks, caught before they are able to fly, as at that 
period their flesh is white and tender: in the full-grown bird 
it is rank and almost black. Tlic influence of situation, too^ is 
observable. Aquatic birds, such as ducks and geese, have their 
flesh invariably dark-coloured; but tliougli it imitates in tint, 
it never approaches in density, to the muscle of birds of high 
flight. In white-blooded animals the muscles, as far as we 
know, are always white. The crah is an example. 

It is to be observed tliat a muscle, such as it appears to us, 
iga compound organ, consisting of the peculiar muscular, or as 
De BlmuvLQe calls it, fleshy matter, deposited in little sheaths, 
formed by the cellular tissue, and supported with arteries, 
veins, lymphatics, and nerves. These cellular sheatlis, which 
aoclose the fleshy matter, meeting together at the ends, and 
becoming condensed, form the tendon in which we so generally 
And a muscle to terminate. 

The central part f in which the fleshy matter is most col¬ 
lected, is termed the belly of the muscle. The tendon t is 
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shoi^nii to be fbnncd by the eellulftr partitkyiMi xneetiiig tti tlie 
extresnity. Bometimes this order of parts is rttemd, tbe 
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Cut of Muscle: showing floshj bolljr and tendon. 


tendon being in the centre, and a ^eshy belly placed at each 
end, as is found to occur in the muscle of the throat which, for 
this reason, is termed digastric or double-bellied. Th© reason 
of this deviation we shall speak of when describing the act of 
swallowing. But wliutevcr may bo the arrangement, it Ls in 
the fleshy part tliat the peculiar (quality of the muscle, which 
Haller terms irritability, is found to exist. 

This ((ualitj", which is now more usually termed coutitic- 
tility, is that by which a muscle, when stimulated, diminishes 
its length, and thus causes its extremities and the bones to 
which they may be attached to approach one another* It is 
evident that if one of these extremities be fixed, the other only 
will be acted on, and tJiis is the principle of ail the motions 
performed in our bodies. To investigate the nature of this 
power was long a favourite object with physiologists, and the 
results of their inquiries aftbrd melancholy instances of learned 
trifling and misdirected ingemiity. Of the immediate means 
by which the contraction is performed may liavo an idea 

fmra the inicrobcopical observations of MM. Prevost and 
Dumas, wlio inform us that the muscular fibres, which duru^ 
relaxfdion are straight and smooth, become wrinkled up in a 
jsig-ssag direction during action, and thus shorten the distance 
between their extremities. Perhaps the theoiy of the mode in 
which this is produced may be cited as one of the most inge¬ 
nious framed on this subject, though it is by no means satis¬ 
factorily proved. The action of the nerves is allowed by all to 
l>e the appropriate stimulus to a large class of muscles, namely, 
those of voluntary motion. The smallci^t muscular fibre seems 
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supplied with its nervous fibril by which this stimulus is con> 
veyed: and this stimulus is supposed (on what grounds we 
shall state hereafter,) to be identical with the galvanic or 
electric fl^iid. The most accurate dibsections, assisted by 
glasses) stem to show that the ultimate course of tlie nervous 
fibrils crosses the direction of the muscle nearly at right angles, 
er as represented here. 



Cut exfilainmg Theory of Muscnlur Contruction 


Let M (fig. 1) represent the muscle; n tlie nerve ai)proaching 
it; n «* the fibrils of the nerve di\idiug to 8uj»j»ly the 
muscle, and crossing its fibres almost at right angles. Wlicii. 
therefore, by the act of \olition the nervous influenee pisbcs 
along » n* these bt^'orne electrically ntti acted lovuivls each 
other, the intervening parts of the muscle ore u rink led up to 
admit of their a])proach, and thus contioction i& prixliiced. 
This is represented in fig. 2, and AIM. Picvost find Dumas 
assure us thiit the nervous fibrils are then iuimd to (K'cupy 
ojtactly the angles formed by the wrinkling of the niuwle. 

To enumerate the other tlieoiios framed on this subject, the 
chemical, the meclianical, &:c., would require a lojig chapter, 
and would be beside our object, which is rather to convey facts 
than to record opinions. Theories have olteii done for physi¬ 
ology what commentaries have <lone for original w orks, they 
have rendered that wbicli was clear doubtful, and that which 
was doubtful unintelligible. 

Anotlier qu-dity of the fleshy matter is, that an increased 
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demand for it always produces an increased^supply. The more 
a muscl6 Is exercised, the mere it grows in bulk and densil^. 
Every one has observed the size of the mus(des in the calf of a 
dancer, and the great developement they acquire on the arms 
and chest of a smith. Rest affects thetn in a directly contrary 
manner. Tlie fleshy fibre seems to be by degi;pes carried away, 
and its place supplied by fatty matter. This degeneration has 
been observed in those muscles wdiich have had their action 
prevented by paralysis consequent on certain poisons of lead. 
The muscles, too, wiiich are provided for the motion and sup¬ 
port of that natuittlly flexible column, the human spine, finding 
that supjjort is given by tight stays, and all motion prevented 
hy the use of stiff ivlialcbonc or steel platea> yield up their 
offlee. Nothing useless is suffered to continue in the frame, 
consequently they become absorbed; and, in place of the full, 
plump, muscular cushion w'hich should run along each side of 
the spine so as to leave it actuiUly sunk betw'een them, the 
anatomist finds nothing but cellular structure with a few pale 
emaciated fibres; tlie processes of the bjick-bone project like so 
many unprotected points, while the ’poor victim of an absurd 
fashion liaving marred Nature in her fair proportions, is com¬ 
pelled to centiniie those external supports, the necessity for 
which slie has eiitaile<l on herself. 

Of tlie chemical composition of muscular matter it is not 
necessary to say much. The analyses made of it have generally 
been imjierfect, inasmuch as the whole muscle has generally 
been oj^erated upon at once. But it is shown above that a 
muscle is a very compound organ, containing, in addition to 
the proper muscular matter, cellular membrane, blood-vesaels, 
nerves, and lymphatics. This is an evident source of inaccuracy 
that has not been sufficiently guarded against. The proper 
matter, however, is termed fibrine, and it is found to contain 
nitrogen in very great abundance. As this is the element 
W'hich prevails in animal bodies, and in most cases distin¬ 
guishes their chemical composition from that of vegetables, it 
is usually termed the animalisiug principle; €uid fibrine, as 
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oontaiBing iiin • higher degree than other pairti of the animal 
body, is saH to be most highly onimalised. This hbrine is pw 
cured by pouHng^nuccessye quantities of cold water onar a 
mitsele) say, for instance, the lean part of beef, until you hare 
waohed away most of the colour, which depends on the Hood 
and some loose albumen and jelly that may hare odheved 
to it. Then use boiling water, which will extract whatever 
may remain of those priiwiples, tc^ether with a new principle 
termed oamazdme, the principle to which soup owes its peculiar 
Savour and odour. You will have then riunaining nothing bat 
a white hbrous texture, insipid and inodorous: this is hbrine, 
the essential part of the muscle. As an animal verges towards 
old age, you will find less of the fleshy matter, and mOTe cellular 
sheath. It is on this account that old meat is tough. 

In making some improvements in Paris, it was found neeea- 
seary to intrude on ground which had for many years been used 
as a burying-place. In removing the liodies for this purpose, it 
was foiuad that the^muscles and other soft parts had been con¬ 
verted into a gray fatty-looking matter, of a peculiar, but not 
very disagroeable smell. This alteration was most complete in 
the bodies which had been interred about throe years, and 
occupied the centre of the pits in which they were piled. This 
singular appearance attracted the notice of the Parisian che¬ 
mists, and an accurate examination showed it to be a sort of 
soaq), formed by the combination of ammonia, vvhioJi all annual 
bodies give off in putrefying, with a peculiar fat termed adipo- 
cire, into which it was found muscle could be converted by tlm 
action of nitrk^ acid, or of moisture continued for some time. 
Pursuing up this discovery, they found that this change was 
operated much niore quickly by immersion in cold watCT, 
especially in a slow running stream; and the idea thence 
oecurr^ that by this means the carcasses of animals not fit for 
filed such as dogs, cats, horses, &c., might be, as it w'cre, nionu- 
fiKtsred into fat, and used for purposes of domestic economy. 
Att«mpt8 were made both in this country and in France but 
beeauae n6 means could be found of removing a certain 
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unpleasant smell that accompanied the fat produced in this 
vray. 

We now come to the nervous matter, hy means of which 
tl»e directions of the will are communicated to the muscles, and 
our connexion with the external world altogether supported. 
Its functions are so important as to require sejamte considerar 
tioi>, so that wo shall here mei*oly view it as one of the exm- 
stituent parts of the animal body, and consider it with rrapect 
to its characters and mode of distribution. If a nerve he 
examined, it is found, like a muscle, to have alwa^'s a cellular 
sheath, and in this is deposited the proper matter of the nerve, 
which is tt'rmed neitrmr,. This neurine is a soft, almost aemi-^ 
fluid substance, varying in colour from a clear white to a gray^ 
yellowish, or even dark colour. Examined cheinioally, it ia 
found to contain a large cpiantity tif water and albumen, with 
■ :t peculiar fatly matter, osmazomc, phosphorus, aulj)hur, andi 
some salts. It is thus a very comjjpund substance, indeed the 
most so of the constituent solids of tlie lK)dv% It is to he fooind 
in gi*cater abun<lancc in the brain, winch De Blainville dev 
scribes as a very loose cellular web hdtii large meshes, into 
which this neurine is secreted or deposited ])y the numerous 
hlwKl-vessels with whicli it is sujqdied. On. the external part 
of the brain it is of a gray colour, and is tt*nned cineritious, or 
cortical, while internally it is of a pure wdiite. In the spinal 
marrow this order is reversed, ihc gray being in the txjntrc, 80 
that the term eortical becomes here improper, and the white 
towards the surtacc. In the nerves, the white matter only 
ajq)ears, while the ganglia seem altogether gray, to which a 
reddish tint is given by the blood wdiich they contain. It is 
usual then divide the nervous system into^four parte; the 
brain, the spinal marrow, the nerv-es, and the ganglia. 

1'he brain is the great centre in wdiich all imprestaone are 
]ierceived, and from which the stimulus to motion emanates. 
It gives origin directly to all the nerves of the senses, and even 
to tlie nerves which produce motion in the muscles of tlie eye, 
the general musdes of the face, the tongue, tlie upper port of 
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the throat and windpipe, in short, those whieh we might con¬ 
sider it advantageous to have more immediately under the 
command of the will. If the nerve be divided between the 
brain and any of those, organs, the organ is rendered useless. 
Thus, if y#u cut tJie optic nerve, though the eye may remain 
as perfect as before, though the light may fall as fully on it, 
there is no perception of it, because the medium by which the 
impression should be communicated to the brain is cut olF. 
From this we conclude that one office of the brain is to per¬ 
ceive, of the nerves to convey, impressions. The nerves always 
arise in pairs, one fur each side; and nine of these pairs have 
their origin from the brain. The spinal raan*ow' is, as it were, 
a continuation of the brain along the canal of the back-l>one, 
for the more convenient supply of nerves to the muscles and 
integuments of the body. It serves its purpose, however, only 
as long as it is in coimoxion with the bruin; for, if divided 
anywhere, all the parts supplied with nerves wh<jse origin is 
below the division become paralyzed and insensible. It appears 
to consist of four columns or rods, of which the two front give 
origin to Uie nerves of motion, ami the two posterior to the 
nerves of sensation. The nerves themselves are small white 
cords, appearing, when extimined with the misroscope, be 
made up of numerous filaments, each having its ow n peculiar 
aheatli, mid all enclosed in a gtmeral sheath. 



Magnified view of a Nen'c, oxhUtUiniir' common sheath of uorve; /uu« filament 

cni>*«ected out. 

The ganglia are always found deep in the frame, as in the 
utmost parts of tlic chest, abdomen, &c. The nerves wiiiclt 
issue from them go to supply the most important organs, as tlie 
heart, liver, and stomach. They are for this reason termed the 
nerves of organic life; and from their innumerable junctions 
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and intertwinings with eadi other seems to Arise the sympathy 
between the several parts which unites all the organs in com* 
mnnity of feeling, relation, and action. Every ganglion is 
directly united with the one which precedes and follows it; 
and the nerve by means of which this connexion is^ontinued 
through the whole chain, is termed the great sympathetic. 

We have thus got an idea of what are termed the primary 
solids; the cellular texture which gives form to the frame, and 
envelopes and binds together all our organs; the muscular tex¬ 
ture, which is the immediate agent in all motion; and the 
nervous texture, on which depends our sensation. The next 
thing to he considered is, in what manner these are put to¬ 
gether sO as to fonn a living body. 

A medusa, it was stated before, might be considered as a 
sort of double sac, possessing two surfaces; an external, per¬ 
forming the office of the skin; and an internal, j>erforraing 
those of a digestive canal. The i^me general view msy be 
taken of every animal. We now propose applying it to the 
highest, man. The human frame, then, lias its two surfaces; 
the external, the skin; the internal, fhe lining membrane of 
the alimentary canjil; and these are accurately continuous. 
Let a person observe carefully any of the orifices of the body, 
say, the mouth or nostrils; lie will readily perceive thaft there 
is no point at \vl»ich he can say the skin ends and a new mem¬ 
brane commences; but he will observe the skin folded in over 
the edges of the lips or nostrils, to acquire new pro|>ertics in 
its new situation, and to become more vascular, as shoivn by 
its greater redness, softer, and constantly moistened by the 
secretion from a number of little glands placed immediately 
beneath it, and which are termed mucous. In short, the skin 
has been converted into what is termed a mucous membrane, 
and in this form lines the mouth, throat, stomach, and all the 
intestines, resuming again at their termination, its original 
characters and appearance. Man is thus a double sac, having 
in hb external surface all the organs of the senses, the means by 
which he communicates with the extern^ wurld; and in 
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or close to his mtdknal surface, all Uiosc glands, such as the 
larer, pancreas, whose secretions are necessary or useful for, 
d%esti(Ht. In the intervening texture will be found the skele¬ 
ton, the framework on which the whole is supported, and the 
nmseles hjr which the whole is moved. Here also are found 
idl tliose organ* charged with elaborating, either the imprcs- 
a<m» transmitted from the external surface which should give 
perception, sensation, volition, &:c., or the nutritive materials 
furnished by the internal surface; such are the organs of circu¬ 
lation and respiration. This is a general outline of the human 
fisame, wliich we proceed to fill in more in detail. 

The function by which aU the parts ai*e furnished with the 
materials necessary for their growth, should cloarl}’' be tlie 
first examined. This function is Digestion. 


Chapi’eu III. 

DIGESTION. 

Part I. Of tJtc Month, Teeth, and Gnllrt. Ckcurin^ and 

Swallowing, 

The function of Digestion, by w'hicli foreign substan{!es taken 
in arc applied to repair tlie waste of tlie body, while such 
parts of tiiem as are useless are rejected, exists through the 
whole scale of animal life. The onrans for the jKirformanw of 
this function are, in the lower animals, extremely simple, con- 
sistiBg of little more than an orifice through which food is 
admitted, and a sac*, in which it undergoes the necessary 
changes. But, as we rise hi the chain, new parts are con- 
tmually added, and we recognise at hist, means of seizing the 
food; of cutting and bruising it; of subjecting it to a sort of 
2 >repafatory maceration by means of salivary glands; of swal¬ 
lowing it through a passage rendered constantly moist aitd 



Dsdjiifl'AOlV* 


43t 


d^peiy to faeilitate its progress; of pexfoftnmg tiie peeniur 
offices of the stomach, to which properly the name of digesuon 
belongs; of ensuring the mixture of the chymo, or matter thus 
prepaired, with certain secretions, the bil^ the pancreatic juR% 
&e*, which produce further changes on it, aeparating*the dtyfo^ 
or nutritious part fiom the rest; of absorbings this nutritious 
part so that entering the circulation it may he conveyed to idl 
regions of the body; and finally of passing on the useless or 
excrementitious part until it is expelled from the system. 

In considering such a variety of operations, it will be n^es- 
sary to follow some order, to eii8Ui*e a due sliare of attention tc» 
each. We shall first then examine the mouth mid its appen^ 
dagCB, as placed at the summit of the alimentary canal; next, 
the ccsophagus, or gullet, through which the food is eonveyed; 
thirdly, tlie stomach and small intestines, including organs, such 
as the liver and pancreas, which unite their offices with these; 
fourthly, the means by which the i^itritive matter is retained; 
and fifthly, those by which th<‘ residue is excelled. 

The mouth sliows itself at first as a mere sucking orifice, 
unfurnished with teeth, tongiu\ or jaw-hones. The earliest 
rudiments of these may, perhaps, be observed in certain mol- 
lusca, such as the snail, in which also, it is well known, the 
salivary glands are well develoj>€d. In worms, as, for example^ 
the leech, its powers of suction are familiar to every person; 
hut here it is also supplied with a double row of fine teeth, by 
means of which it penetmtes the skin, while the suction pro¬ 
ducing a tendency to a vacuum, the blood rushes toward* the 
place, and continues to he drawn until the animal is quite 
filled. The mouth is here also an organ of locomotion, ashy 
this suction-power the animals fix their anterior extremity, 
and then draw the posterior towards it. In insects true jaw* 
exist, wdtii this peculiarity, that they are always lateral, that 
1 b, act fi'orn side to aide, not from above downwards, as is the 
case in idl the mammalia, of which we may take ourselves a* 
an example. In some animals of this classy os bees, the jaw* 
are lengthened out, rounded, and united together, so as to farm 
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a beautiful little tube, through which they suok up the hue 
juices fk»m the nectaries of flowers. In hshes we seem to find 
a connecting link between such animals as haye teeth and such 
as have them not, the sturgeon being an e^cample of the latter 
kind, whKe the pike adequately represents the former, show¬ 
ing teeth, not oi?ly in their usual jjlace, but on the tongue, the 
palate, and even in the throat. In reptiles, too, the same 
varieties occur, from the tortoise, which has merely hard homy 
gums, meeting like the blades of scissors, and cutting its food, 
up to the fangs of the rattlesnake, or the formidable rows in 
the jaws of the crocodile. 

In birds, the teeth again vanish, and the jaws become pro¬ 
longed and hardened, assuming the fonn of a beak or bill, 
which can no longer he used as an organ of mastication, hut 
merely serves to pick up their food, as in the common fowl; 
to assault and destroy their prey, when it is always combined 
with strong wings and powerful talons, as in the eagle, liawk, 
&c.; or as a meaijs of climbing, when it assumes the peculiar 
hooked appearance which we observe in the parrot tribe. In 
some long-billed birds, such os the snipe, duck, woodcock, the 
beak is covered by a soft membrane, abundantly supplied with 
branches of nerves, by means of Avhich they are enabled to use 
it as an organ of touch. This is absolutely necessary in their 
case, inasmuch as these animals, constantly seeking their food 
by their long bills, in phices out of view, must be endow'ed 
with a power of discrimination in that part to enable them to 
reject such things as would be useless or prejudicial to them. 
The bill of the woodpecker is long, pointed, and ■wedge-like, to 
enable it to penetrate into the decayed trunks of trees, in which 
the insects tliat form its food are found; and it is still further 
assisted in this by its tongut, which is furnished w ith shaiq) 
homy points at its extremity, and being very narrow, and 
capable of protrusion to a great extent, serves for secnching 
into the smallest crevices. But in no bird is an apparent detect 
more really a beautiful instance of the adaptation of organiza¬ 
tion to the supply of natural want than in the cross-bills. 
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These little birds deiive their name from tHe upper mandil^e* 
of the bill not lying exactly over the lower at its extremity^ 
but curving downwaids, generally to the left side, while the 
lower curves upward, and to the right. 



Skull, with Mandiblen, of a Croas-biU. In this Rpocimen, the overla(ki>iDg does 
not appear to have been made in what we consider the 
most ordinary direction. 

From the appearance of this bill at first, we should be iuclined 
to pronounce it totally useless; for how, w'e would say^ can 
three points, which cross each otli^r, serve to pick up seeds, or 
how can the mouth be opened sufficiently wide to catch in¬ 
sects? Neither arc they suited to a bird of prey; as how 
could it attack any animal with sudi an ungainly weapon? 
But these are not the obje(;t8 for which it was formed. This 
bird was t-o nourish itself by the seeds picked out of the cones 
of the pine and different firs, and it has got the instrument 
most exactly suittMl to this purpose. It has the power of 
bringing the points of its mandibles together, and inserting its 
beak in this state under the scale of the cone, it then opens it 
by drawing its lower mandible sideways, in which direction it 
is evident the scale is much less capable of offering rewstance, 
than if attempted to he forced directly upw^ds. The seed is 
thus uncovered, but the biixl has not yet attained it. For this 
purpose it is furnished with a long scoop-like tongue, sharp on 
the edges and towards the point. While, therefore, the scale is 
separated from the body of the cone by the beak, the tongue is 
enabled to direct its cutting scoop undemeatli the seed, which 

♦ Mandible, pio term applied to the upper and lower ports of the beak In 
birds; what in other animals we would term the upper and lower jaw. 
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is 4it the foot of tfatb eoale^ and the food thus diBlodged is tfsas* 
feitod to the xaoifth. 

But we now come to the last and highest oIbbs of animals, 
the mammalia, to which also we ourselves lielong; and in 
every ordlfir of these, except one, we find the mouth furnished 
with teeth. This order is, from the peculiarity of the circum¬ 
stance, termed tdentaUiy or toothless; and includes very few 
animals, chiefly of the sloth and ant-eater kind. In fact, the 
name is only applicable with propriety to these latter, and us 
their food consists of insects, already sufficiently small, and 
perhaps occasionally of honey, it is evident that or^ns for 
chewing or grinding the food would here be useless. In place 
of them, they are provided with long and powerful claws, hy 
means of which they root up ant-hills, and a thread-shaped 
tongue, covered with a thick slime, which licks up these in¬ 
sects in great numhers. With this exception all mammalia 
have teeth, and the varietj^-of their nature, uses, and distribu¬ 
tion, have furnished naturalists witli some of the most useful 
characters for classification and distribution. As these varieties 
of the teoth are always connected with varieties in the stnu*- 
ture and functions of other parts, or rather of the entire friime, 
it will be necessary to consider some of tlie most prominent of 
thorn. The mode in whicli teeth origuiate and grow is, per¬ 
haps, one of those <iuestions on which physiological inquiry 
has led to the most satisfactory results. Every toijtli presents 
os with tw'o parts, the ivory or body of the tootli, and the 
enamel. Q’hc existence of this last, indeed, has been denied in 
the tusks of the elephant, in those oi the walrus, the uarwaJ, 
and in the incisoFfteeth of the African hog; yet in all these vve 
find an external thin coveriiig of a ditferent substance from tlic 
body of the tooth. 

If at a very early period, say during faial life, wc examine 
the jaws, wc sliall find, between the bony plates termed 
alveolar processes, a soft round ]>iilp deposited, by which the 
body of tile future tooth is to be formed. It is in great 
part surrounded by a sac, the office of which* is to deposit 
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it the imaYnel. This enemel in us eorers the efown 
and body of the tootli, and Teaches as far as the naiic:, w 
the {H)int where it is implanted in the gums. For iaatsaeS) 
Jot this represent a section of a jaw-tooth: the 
fangs wad body of the tooth, which are made 
of ivory, are represented sliaded; the enaxael, 
reaching as far as the neck of the tooth, is re- 
proBented wliite; and the darkened figure in 
the centre, represents the cavity in the lH>dy 
of the tooth, containing the remains of the pulp, to 
Avhich canals are seen leading along each fang,,through which 
run vessels and nerves. But to return to our pulp. If we 
examine it a little later, we shall perceive a fine scale of fkmc 
or ivory deposited on its uj)per surface, supposing it to be in 
the lower jaw. Tliis scale we can detach with onr nail, and it 
will present exactly the figure of the future tooth. It may be 
discerned in the figure as the* bouwling line between the body 
of the tooth and the enamel. Successive scaics continue to be 
dopasited within this, gnuliuvlly dimhiishing the size of the 
pulp, until, at length, nothing remains but the small portion 
shown above, ^riie liody of the tooth is now formed, and the 
sac, which cnveloj>cs it as far as its neck, commences to deposit 
upon it the enamel, jiJways in a direction perpendicular to the 
surface. The growth continuing at the same time at the roots, 
the crown of tlic tootJi, thus covered, is pushed up, and gradu¬ 
al I3' cuts the gum; in its progress, also, necessarily tearing the 
sac! which had de}K)sited the enamel. From this it is clear, 
that if the enamel he in any way injured or destroyed, there 
are no means fui' its reparation; and iis we know it to consist 
chemically of eeitiiin salts of lime, which arc soluble in acids, 
we see the danger of using such a]»p1ications as contain them, 
fuid which are too often sold under the name of detersive mix¬ 
tures, dentriliees, &c. They certainly remove dirt or tartar 
from the surface, but they as certainly remove with it part of 
the enamed, so that if their use be continued, the enamel is by 
degrees totally destroyed, and the soft ivory left bare Mid ex¬ 
posed. 
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The emaiael ie'^ihe hardest production of the animal hody, 
ao hard that it ■will strike with ste^. Its use is, therefore, 
evident, where the parts are subject to so much attrition and 
friction. 

It is iffsual to divide the teeth into three kinds, which, from 
their situation,•are termed by Bliinienbach front teeth, comer 
teeth, and back teeth. Thus, if we e^pmine mte own nlouths, 
we shall find that each jaw confiiiins four of the nrst kind, two 
of the second, and ten of the third, making in all thirty-two, 
whicli is the full number in the adult human head. 

The front teeth we shall first examine. They were called 
by Linnffus incisors^ from their use in cutting the food. In 
man, it will be observed that the incisoi-s of tlie upper jaw 
generally pass outside those of the lower jaw, so that they 
act like the blades of seissom. Wlien tlie reverse is the 
case, the person is said to he underhuvp, and painters look 
on this as a defect. In #he horse, these teeth, which are 
termed nippers, do not cross, but meet; consequently, in the ' 
grinding of the food by the bock teeth, these teeth are rubbing 
against one another, and ai-e thus sulijcct to very great wear. 
To enable them to resist this, they have an additional plate of 
enamel running down the centre, and when the prolongation 
of the sac, whicli was sent in to secrete this enamel, is taken 
away, a hole is necessarily left in the tooth, wdiieh, being filled 
with particles of the aniniars food and other foreign matter, is 
usually of a dark colour. This is termed by jockeys the 
mark, and they judge of a liorse’s age by it, as, of coui'se, when 
4 rhe tooth is ground down the mark viisappcars. In tlie roden- 
tia, or gnawing animals, such as the beaver, squirrel, ot rat, 
these teetli, being required for cutting through veiy hard sub¬ 
stances, are shaped like a chisel, and by a beautiful airange- 
jnent, the enginel being placed in fronts an<l the bone behind, 
the latter, which is soft, wears away lasttu than the first, so as 
to leave the tooth always with a sharp odge.^ In these animals, 
also the pulp is not destroyed, but remaining at the bottom, is 
constfimtly^adding fresh matter, and pushing up fresh toc^ to 
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i^ipp^y the above. The great size of these teeth is re« 
markable, although a small portion only of this length appears 
through the gum. They represent the segment of a circle; 



Lower Jaw of a Pquirrel, with a section made to exhibit courso of 

Incisor Teet^. '« 

and are contained in a canal of hone which, in the under jaw, 
runs beneath the roots of the back teeth almost to the very 
extremity of the jaw, so that, although their anterior cutting 
edge is in the front of the mouth, their posterior extremity is 
behind all the teeth. ^ 

These teeth in man are always j)erpendiculaT in the lower 
jaw, while in other mammalia they are more or less ohliqne. 
This distinction does not hold in the upper jaw% as may be 
seen in negroes. 

In homed animus that chew the cud, such as the cow, 
there are no incisors in the upper jaw'. Tlie grass is gathered 
in by their tongue, and cut by eight 8haq> incisors placed in 
the lower jaAv, and acting like a sickle. 

The corner teeth, called also canine, and eye teeth, are more 
particularly confined to carnivorous animals, and in them are 
used for the purpose of seizing and tearing their prey. The 
fangs of the lion and tiger are good examples; also the holders 
of the dog. These teeth are, of all others, most liable to 
varieties, particularly when they occur in graminivorous ani¬ 
mals, where they are not required for the above, which seems 
their more appropriate, use. Thus, in the elephiint they 
assume the form of tusks, which are nothing more tlian canine 

E 
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ci detoce. We eee the same in the wild hoar, where ^lej 
fdae serve for rooting up the ground. In the walrus, these 
tnskB are of a very singular appearance, and Sir Charles Bell 
oonjectnreS they may se^e a& organs of locomotion, enabling 
the animal to dreg up its unwieldy bulk on an iceberg. The 
long spear-like tusk of the narwlial belongs also to this division, 
though, for anatomical reasons, both it and the tusks of the 
elephant have been by some referred to the incisors. In the 
Sm babyroussa, or stag hog, the variety is still more remark¬ 
able; for the upper canine teeth here, in plat'e of growing 
down, grow upwards, penetrate the upper jaw-hone, and bend¬ 
ing back towards the eyes, fi>rm almost a compleU' circle. The 
reason for this seems not yet well ascertained. Pdey thought 
that tlie animal slept standing, and, in order to support its 
head, hooked these tusks on the branches of trees. This is 
really so ingenious, that w 4 »almost regret not to hud it con- 
JRrmed by ficts. -Sir Everard Home supiKtses them to act as a 
defence of the eyes when the animal rushes through under¬ 
wood; but as other animals rush through underwood without 
having this defence, wc can hardly consider the point as yet 
decided. 



of Bus baf'ifroxtsga, ahowinR upper canine teeth growing through the upper 
Jaw, and curved backwardH: lower canine teeth pit|}eot alee, 

I ad oonetituto the tudcf. 
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JlieHJier is man totally exompt from ih« law of Taxiaty 
impxeeaed on this description of teeth, as we know from t^. 
example of William de la Marck, who, fmxn the proxameace 
of his under jaw, and the undue developement of its canine 
teeth, received the well-known soubriquet of “tlfe Boar of 
Ardennee.” • 

The teeth of fishes are not, in general, fitted for mastica¬ 
tion, but rather for seizing and detaining their prey. They, 
therefore, belong lathei to this class. They have the peen- 
liarity of not being formed like other teeth within b<M^ 
jiTOoesses termed alveoli, but externally, and rather in the 
manner of born. In serpents, the under jaw is always pro^ 
Tided with a row of teeth sliarp and hooked. The upper jaw 
serves to distinguish between the poisonous and non-poisonona 
species. In the former we find a moveable bone attached to it, 
from which depend the fangs. These are usutdly in a reettm^ 
ftent position towards the back ofpthe mouth, but when the 
animal is excited they are brought into a state of erection by 
the action of a muscle, which, at the same time, compressing 
the poison-gland situated Ijeneath it? forces its contents through 
the canal that communicates with the fangs. These fangs are 
themwdves hollow and perforated, so that they afford the 
poison a ready passage into the wound wdiich they inflict. The 
uon-poisonous serpents are never possessed of these fangs, but 
in their place have a double row of teeth in their upper jaw. 
It is fair, however, to state that Cuvier doubts whether some 
serpents without fangs may not be poisonous. But he adduces 
no direct example, and seems to speak of it rather aa a matter 
Inquiring farther observation. 

The back teeth, termed also molars or grinders, are the 
most important, as it is by their action that the food, seized or 
divided by the front or comer teeth, is more immediately pre- 
poi’ed for digestion. They are, consequently, the most uni¬ 
versally present, and are found when the others ai’e totally 
wanting, as in the annodillo. The only exception to this is 
the narwhal or sca-unicom, whicii has» no tooth of any kiad 
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e:9:cept the long spired tusk before mentioned, and classed with 
the canine. In camivorons animals, the food, being already 
onimalized, requires less preliminary mastication to suit it for 
digestion. Their back teeth are, therefore, nearly of the 
nature of the incisors, and do little more than divide the food. 
A. scale of enamel over the crown of the tooth is, therefore, 
sufdcient for their defence. But in the graminivorous animals 
the food requires lonof mastication, in such as chew the cud 
even repeated, before it is fit for the action of the stomach. 
Their teeth, therefore, suffer immense rubbing, and were they 
merely covered by enamel this would soon be worn off, and 
the body of the tooth left unprotected. The arrangement 
here, therefore, is varied, and the tooth is composed of alternate 
perpendicular layers of enamel and bone, by which two ends 
are gmned; the strength of the tooth is much increased, and 
the bone wearing a little faster than the enamel always leaves 
a rough surface fit for the^purpose of grinding. Mill-stones 
are selected exactly for this quality. They must consist of 
hard, gritty particles, imbedded in a softer and more friable 
substance: as this w'ears away fiister, tlie surface is ulwa^’^s 
rough. 

A lion or a tiger has killed its prey in the woods, and 
having sucked the blood, and devoured some of the richest 
muscular parts, it perhaj>s retires, leaving the remainder to be 
fed on by the chacal, the wild dog, or the wtdf. Tliese lie 
gorged aroimd it, and the vulture and the carrion crow have 
picked from the bones the last slireds of flesh that adhered to 
them, while myriads of flies hovei'ing about deposit their eggs 
where they know the young maggot, as soon as hatched, will 
find its appropriate nutriment. The lieat of the sun soon 
brings them forth, and they jHmetrate even into the remotest 
ca,vitieB of the brain and spine. One part of the animal, 
however, yet remains: the rich man*ow in the long bones of 
the This is reserved for the hya*na, who, to enable it to 
get at this, is furnished with molar or jaw-teeth of immense 
wide at the base and conical. By means of these it 
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breaks with ease even the largest hones of the ox, the riihi<H 
ceros, or the elephants and then, with its long taper tongue, 
licks out their contents. 

This brings us so directly to Professor Bucklan^s inter^> 
ing dissertation on the bones found in the Kirkdale Cave, York¬ 
shire, that a view of his course of argument b^omes necessa^. 
This cavern was discovered in the summer of 1821 , by cutting 
back a quarry, and was visited by Professor Buckland in the De¬ 
cember of the same year. He first observed the means by which 
the mouth of the cavern had been closed, and found it to con¬ 
sist of beds of loam and clayey sand, mixed with rolled pebbles; 
in short, that <Jescription of matter which is termed iiihiidal, 
from the general, and, indeed, almost unavoidable, conclusion, 
that at the time of the Deluge this stratum, in the form of a 
thick mud, spread over the plains, covered the floors of the 
caveths, and choked up the fissures of the rocks, A similar 
layer w'as at the bottom of the cav^, and in it tlie hones of the 
elephant, rhinoceros, horse, ox, deer, hj’^eenk, tiger, and other 
beasts of prey ; hares, rats, and mice, and even of some birds. 
Such animals could not all have dwelt together in this cave; 
the question then is how their remains became collected. Ihere 
were no rolled pebbles at the bottom of the cave, wliich would 
have been the case had the bones been brought together 
by the action of water. The bones were smooth, or rather 
flat, on one side, as it was found on laying them down that 
they only rested easily in one way. This Professor Buck- 
land referred to their being nibbed by the constant passage of 
animals over them. They were all broken, and the frdeture 
was sharp and splintery. Some ox-hones were given to a 
hya?na which happened to he then exhibiting; they were 
readily broken by the animal, and on comparing them with 
the fragments found in the cavern, a striking similarity in the 
form of fracture was observed. Of the teeth of the hyaena 
great numbers were found, so that one man alone gathered 
more than three hundred of them. Some of these fitted 
exactly into some of the notches formed in the bones 1:^ 
gnawing. 
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Some round Imllfl were found, tvliich, chemically examined, 
yidded phosphate of lime. They were, therefore, animal 
matter. The keeper of a menagerie, on being shown them, 
without J^esitaUon declared them to be the droppings of the 
striped hyffina. Finally, Professor Buckland compared tlie 
circumstances ot this care with tJie dens of living hyomas, and 
with similar caverns discovered in Germany, and found a most 
exact corresiiondence. llie conclusion then was, that this liad 
b^n, for a long series of years, the den of successive genera¬ 
tions of hysenas, and that by their means had been collected 
tile prodigious quantity of bones belonging to such very dis- 
eimilar animals. As hysnaa are well known to plunder grave¬ 
yards, and prey on the remains of the human subject, it is 
probable, from no human bones having been found in tliis, or 
indeed in any similar cavern, that these countries were not 
peopled at the remote period to which tJie revolutioii that 
closed up these caves muSt I)e rofened. It is also probable 
that the climate' was widely different from what wo enjoy at 
present, to admit of the grow'th and losidence of some of tho 
animals we have mentioned. 

The grinding tooth of the elephant possesses, in addition to 
ivoiy and enamel, a third matter, termed crusta petrosa, which 
is placed outside and around the enamel, and seems to asrist in 
maintaining an irregularity of the surface. In fact we might 
almost consider tliis tooth os made up of a number of smaller 
teeth united togetiiw by their sides; and « vertical section will 
atmw us the bone of each of these springing up, ns it W'ere, 
from a common base, surrounded by its own enamel, and then, 
outaide all, the ermta p^osa, resembling a cement, holding all 
timse Individual teeth together, and binding them into one* 

In tlie cut w'e may distinguish d, the hollow in wiiich the 
jpalp was lodged, sending up its various prolongations which 
served to secrete c cc, the ivory or bony parts of the tooth, 
cmiaidb which we see I h, the enamel, deposited in ciystals 
perpendicular to the surface of the bone, and outside all a a a, 
the erutta pxstresa, holding all together, and filling up tho inter- 
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spaces. Blake described two'parts cxtenud to the enaimel, 
the internal of which, marked in*our figure by long lines 
coursing round the surfiice of the^enamel, he seemed to con¬ 
sider as the true cru^a petrosa, while the external, or that 
which we have marked a, he denominated ‘‘adventitious 
matter.” When these two aie worn away by grinding the 
Ibod, it is evident the enamel on the tops of the several denti- 
ouli, or lesser divisions of the tootli, wdll appear; and the 
di£ference of figure" which it pre¬ 
sents in tlie tooth of the Asiatic 
and African elepltant, has fiir- 
Biahed the grounds for deciding 
them to belong to different s{)ecies. 

In the former, the figure is always 
oval, in the latter sometliing of a 
loaenge^shape, as may be seen in 
this cut, in which a represents 
the grinding surface of the tooth 
of an Asiatic, b, of an A&ican 
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elephant; the white lines are the enamel, and tlte dark, the 
adventitious matter, or crtASto p^rosa* 

The true whales have no teeth. Instead of Uiem they 
are provided with certain plates called whalebone, solid at the 
top, but opening out like a brush at the bottom. A number 
of these are placed across the palate in parallel rows, from the 
lips to the top of the throat. However singular it may appear, 
it is no less true, that whales feed on extremely minute 
animals, chiefly of the molluscous kind. These are known to 
exist in the greatest numbers in the northern seas, insomuch 
that Captain Franklin says the slightest thaw on an iceberg 
produced a number of little pools that seemed absolutely alive, 
so great were the swarms of animalcules. When the whale, 
then, wishes to feed, he opens liis mouth, which is of enormous 
size, though we may not actually ^ so far as to believe Sib- 
bald’s report that a sloop in full sail, with all its equipage and 
complement of men, was stjen to enter the open throat of one 
that had been cast away on the shores of the gr<^at o('ean. The 
next thing to be done, then, is to swallow the food; but the 
immense quantity of water by which it is sun*ounded, would 
be of no use, or rather would be a great inconvenience in the 
stomach. I'o get rid of this, then, he makes the motion of 
swallowing, at the same time stopping the true passage to the 
stomach. The water is thus passed through all these plates of 
whalebone, by which it is completely strained of its animal¬ 
cules, and anives at the back (jf the throat pure. But here 
the passage downwards is closed against it, so that it is forced 
upwards into two large membranous pouches, situated beneath 
the skin. Strong muscular fibres meet above these pouches, 
by the contraction of which they arc pressed on, and the water 
thus finally expelled through the spiracles or blowing-holes 
with great force, rising at times to a height of thii'ty feet or 
upwards. Another use of these spiracles is, that being situated 
on the top of the aniinars head, and communicatbig directly 
with the windpipe, they enable it to breathe by just rising to 
the snr&ce, without the necessity of putting its mouth up out 
of the water. 
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The teeth are plaoecl beyond the reach of the circnlntbit. 
No blood-veasclK enter them; therefore, when once fonxied, 
they can never increase in siee. From this arises the necessity, 
in man, for the second set of teeth, which are both largeT and 
more numerous tluin tlie first, to suit themselves to the 
increased size of the jaw-bone. If the foetus be examined, in 
the second month of conception, we shall find the jaw-bone 
just commencing to be formed. In the fourth month the 
rudiments of twelve tooth, tliat is, the pulps from which they 
are to be tbnned, appear, supplied with blood-vessels and 
nerves. At birth the mouth allows no marks of teeth, but, 
like the mouths of the lower orders of animals, is nothing 
more than a isuckinpforifiee* Tlie rudiments, however, of two 
sets of teeth arc at that moment contained in the jaws; for 
after the pulps of wliich we have ^ken have nearly formed 
the first set, they each send oft a little pulp like a bud, wMch 
seems to 8i)ring from their sides, an#is destined for the forma¬ 
tion of tlie second set. The first set art^ teniied the deciduous 
or milk-teeth. They ai’e twenty in‘“number, and appear at 
very irregular intervals. The firet to eome up are the centre 
incisors of the lov> or-jaw% then in a short time after, perhaps, 
tho‘<o which oppohc them in the upper. These may be usually 
looked for about the fifth or sixth month, hut sometimes 
appear as early as the third. Tlie other incisors then cut the 
jaw, then the must anterior of tlie jaw-teeth, and last of all the 
hinder jaw-teeth, which do not rise till the beginning of tlie 
third year. To these, in the adult set, are added three more 
jaw-teeth, for which, in fact, there is no room at present, as 
will be set n in this cnt. 



e DocMuous or Milk Teeth up; b Permanent Teeth In prepoimtioa. 


^ iiKnamoir. 

In the iBbctk and Berenth yeaxB the jaws have grotmso 
much that they are too laige for the teeth. Spaces are left 
between thei% they get loose and 1>^m to &ll out. The por- 
hnment teeth ^ring np in their place, but it is not until 
eighteen or twenty, that, the jaw having acquired its iuU aixe, 
the hindermo^ jaw-tooth, commonly called the msdam’^^xnthy 
has room to rise, and then the process of dentition is emupiete. 
As the teeth are destined to undergo a constant and oonnderahle 
degree of pressure, they are provided with a sort of springinras 
or elasticity at the bottom, which gives them a constant ten¬ 
dency to rise. The result of this is very evident when a tooUi 
is lost; for then the one opposite it being no longer pressed mi, 
except indirectly, is very apt to rise in the jaw, and so become 
loose and drop out in ifei turn. 

In animals, such as the beaver, in whom the tooth con¬ 
stantly grows from the bottom, it becomes so long as to he a 
positive inconvenience, ii the auimal be restrained from gnaw¬ 
ing hard substahees. In the elephant, the mode in which the 
tooth cuts the gum is from behind forward; and os the front 
layers are worn down, fresh layers are added behind, and freslr 
teeth formed. If this animal be confined wholly to soft food, 
the tooth in front is no longer worn down last enough; and 
matter continuing to he added behind, tlie layers heemne 
mxBted together in a most extraordinary manner, as may be 
ueesi in a tooth preserved in the Museum of the College of 
SuTgeoue. 

The jaws are joined together in each a manner ae to allow 
motion suited to the teeth. Thus in carnivorous ammals we 
have said the teeth were ehiefiy used in cutting their food, 
and closed the one within the other, like tlie blades of scissors. 
The onlymotion necessary here, then, is a direct up-and-down 
motion, such as would be given by a hinge, and this conse¬ 
quently is all that they are allowed; the lower javr being 
closely locked into a deep cavity of the upper. Iii giuminivo- 
rous animals, where tlie molar teeth have broad flat surfaces 
for grinding, this nmtion would no longer be sufficient. In 
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tixem, therefore, the jaws are united by mitfaces playing ^feely 
OTer each other, and allowing an extensiTe motion from aide 
to side. They hare also the fonner, or hiiige>like motimi, 
which is necessary to enable them to crop their food. But 
there is still a third kind of motion by which the lower jaw is 
thrust from beliind forward. It is observed fh the rodentia, 
or gnawit^ animals, is necessary for the advant^eous employ¬ 
ment of tlieir chisel-shaped iront-tecth, and in fact is Uiat 
motion by which the rat or the beaver so quickly gnaus 
through a piece of timber. The instinct that teaches animals 
to avail themselves of the peculiarities of their organization is 
well displayed in a passage from that most interesting Utide 
work, White’s Nattiral History of Seihome, 

There are three ci’eutures, the squirrel, the fteld-mouse, 
and the bird called the nut-hatch, w^hich live much on htusel- 
nuts, and yet they open them each in a different way. Tlie 
first, after rasping off the small end^ splits the shell into two 
with his long fore-teeth, as a man does with his knife; the 
second nibbles a hole with his teeth as^ regular as if drilled witli 
a wimble, and yet so small that one would wonder how the 
kernel can be extracted through it; while the last picks mi 
irregular ragged hole with its bill. But as this artiat has no 
pow's to lu)ld the nut firm wliile he pierces it, like alt adroit 
workman, he fixes it as it were in a vice in some cleft of a tree^ 
or in some crevice, when, standing over it, he perforatea the 
stubborn shell. We have often placed nuts in the chialc 
of a gate-post, where nut-hatches have been known to haunt, 
and have always found that these birds have readily penetrated 
them. While at work they make a rapping noise thi^ may 
be heard at a considerable distance.’* 

All the kinds of motion we have mentioned exist in the 
jaws of man. The hinge-like motion is used in biting our 
food; the lateral in cliewing it. For the motion from behind 
forwards there does not appear any particular necessity, but, 
that wo have it, any one can convince himself, by moving his 
under jaw beyond his upper. The different direetion of the 
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teeth prevents Hfi bdng at all applicable to the same uee as In 
the rotkntia. From this variety of motion, from the form of 
our teeth) and structure of our digestive canal, physiologists 
have determined that man is not, like other animals, confined 
either to desh or grass, hut is omnivorous, that is, capable of 
living on all kinds of food*. Were lie otlierwise, his faculty 
of supporting all varieties of temperature would be of no use. 
In the snowy fegious of Tierra del Fuego, or the ice-bound 
ooasts of the Northern Sea, no vegetables arc to lie had for 
many months of the year. During this time, therefore, the 
inhabitants use a wholly animal diet, and they appeal' as 
vigorous and healthy on it as those of the temperate zone do 
on a mixed diet. In the torrid zone, on tlie contrary, where 
flocks and herds would languish beneath the heat of the tropi¬ 
cal sun, where scai'cely suflicient gross could often be found fur 
their subsistence, and where their numbers would be con¬ 
stantly diminished by t£i% attacks of beasts of prey, mankind 
no longer depend upon animal food, but find its place amply 
supplied by numerous and valuable vegetable productions. It 
is here the cocoa-nut and plantain flourisli; the yam, Cassava, 
and other roots; the rice and millet, while a tliousand cooling 
and refreshing fruits invite by their flavour to that description 
of diet which is most suitable to these countries. 

During mastication, the food is constantly mixed with the 
saliva, wdilch is supplied by three glands on each side, called 
salivary. The first of these is placed before the eai’, or rather 
in the narrow space between the lower part of the ea 4 ' and the 
ascending brancli of tlie lower jaw-bone, which can be felt in 
tills place. Fix)m this situation, it is termed parotid-\^. A 
canal running from it opens into the mouth, neaily opposite 
the second jaw-tooth. The second of these glands is the suA- 
maxiUary, placed, os its name indicates, beneath the lower jaw. 

[* The stomach is not only capable of adapting itself to Tariety of food, hut 
that vocy variety is an CMentiitl to life. The iiandlcs of knives swallowed by 
Jugglors have been digested, thu jugglers continuing in health, while an ass fed 
solely upon rice died in about fourteen days.} 

t From near, and ovr the otu*. 
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The third is the sviblingualf placed beneath the tongne, wid 
both those discharge their secretion on the floor of the mouth. 
This secretion is known under the name of saliva, or spittle, 
and its evident use is to moisten and form into a paste the food 
as it is chewed, wliich without this would only be recluced to 
a dry powder extremely difflcult to swallow. ‘The saliva is 
poured into the mouth most abundantly at the time of meals, 
when it is most wanted. The quantity afforded to one single 
meal is stated at about six ounces, but this of course must be 
a very rough guess, as it will be greatly altered by the more 
or less stimulating nature of the food, the quantity of moisture 
it contains, and other such circumstances. The influence of 
the mind over the salivary ghmds is well marked. The month 
waters when we see, or with some even when they read of, a 
savoury dish, and that the same feeling extends to lower 
animals any one will admit, who has seen a dog looking w ish¬ 
fully at a joint of meat roasting befoff the fire, with his head 
placed to one side, and a long clear String of*saliva hanging 
fmm liis lips. These glands are abundantly supplied with 
nerves,'and aii intimate connexion seems to exist between tlieir 
action and the action of certain glands in the stomach, of which 
we shall have occasion to speak afterw-^ards. This' is evinced 
a case mentioned by Doctor Copland, in which a maniac, 
attempting to commit suicide, missed the princi]^ blood¬ 
vessels, but divided the oesophagus, or gullet. In the attempts 
to preserve his life, food w^as introduced into his stomach by a 
tube, to prevent the reopening of the wound which w'ould 
necessarily follow any attempt at the ordinary mode of swallow¬ 
ing. As soon ns the food had reached the stomach, an abun¬ 
dant secretion took place from the salivary glands of the mouth, 
though of course there w’as no attempt at mastication. This 
is interesting, as showing the sympathy established between. 
part.s intended to assist in the same operation. 

The saliva is a clear viscid fluid, consisting in a great mea¬ 
sure of w'ater, containing a little albumen, from which it 
derives its viscidity, and some salts. In tfib natund state of 
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tlie tongne and organs of tuie this stdtnoss is not pexceived^ 
b»fc after fcTers, ivben tJie thick black cnist, wliioh in them so 
often co>^rs the tongue, has peeled oiF, and left the tongue, as 
it ivore^ almost raw, the extremities of the nerves of taste dta- 
trBmted to the tongue become remarkably sensible, and then it 
is very commdn to hear patients complain of a salt taste in 
their months. This liquid serves not only to make into a 
paste the food when chewed, but also to keep tbe organa ai 
taste in tliat state of moisture necessaiy for the proper execution 
of their functions*. We may, therefore, expect to find the 
glands from which it comes laige and numerous in those 
animals whose food requires long and laborious chewing, and 
on the other hand diminished, or altogether absent, where the 
food is swallowed down ns taken, or w'here the tongucj, hard 
and horny, must be totally deprived of all discrimination of 
tastes. And such is really the case: the niniinating animals 
are well known to bo tnose whose food requires the most 
continued mastication, and in them we find the whole mouth, 
jis it were, set round with these glands, and even new ones 
added, which are not to be found in man.^ The carnfrorous 
juaimals, such as the lion and tiger, who greedily swallow their 
prey after a few hasty cuts with the teeth, are much woi-se 
provided in this respect; while many fishes who swallow their 
prey whole, and in whom, as we have said, the teeth are rather 
organs of prehension than of mastication, are tohvlly devoid of 
anything tliat can properly be ciJled a salivary gland. 

The influence of situation is also to be obseiwed here. The 
camel has an apparatus found in no other animal, for moisten' 
iiig the hack part of its throat, o and above the abundant 
supply of salivary glands which it possesses in common with 
other ruminantia. How beautifully suited to the wants of 
this “ship of the deserty* The ostrich, of all birds, lias tlie 
most abundant salivary apparatus. “ They are collected,*' 
says Cuvier, “ in a crescent-shaped mass, which runs along the 
edges of the tongue, and forms the greatest part of its bulk. 

[♦ Wlieo the tongue is dry, as In fever, taste cannot be excited.] 
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l^keir wmtxm ia poured out from a crowd of orifices pierced 
Oft tlie inferior surface of this ozgan,’* Now compare wi(^ 
these inhabitants of ** the barren and dry land/’ those of thear 
own class which are most directly opposed to Uxem in th^ 
habitations; witli the camel compare the whale, whiclf equally 
with itself belongs to the great class Mammalia; with the 
ostrich compare the water-fowl, which can equally claim the 
name of a bird, and we shall find in these latter, the salivary 
glands, either quite obliterated or so reduced in size, as merely 
to mark the place which in other animals they would occupy, 
lu serpents, it is one of these glands that is used for the secre¬ 
tion of poison, but tlie expulsion of this poison is always deter¬ 
mined by a voluntary act of the serpent, and connected with 
the erection of the fang; and it is remarkable, that though so 
deadly when instilled into a wound, it is perfectly harmless 
when swallowed, as we learn firom the experiments of Fontana. 

During mastication, then, the pan^ of the mouth are in 
continual action. The tongue presses the food lender the teeth, 
the side muscles prevent it collecting between them and tlic 
jaws, the lips close to prevent it falling out, and the salivary 
ducts bring a constant supply of liquid to moisten and soften 
it. When the food has undergone all this, it is then, but not 
till then, lit for deglutition or swallowing, Tliis is wdiat wc 
have next to consider. 

Immediately behind the mouth is placed a funnel-shaped 
hag, p, termed pharynx^ surrounded by muscles. Tlie Iowhu* 
end of this terminates in the gullet, or oesophagus, b, heading 
directly to the stomach. In front of this gullet is placed, just 
at the root of the tongue, e, the openipg of the windpipe, a, 
and the peculiar little lid, e, termed cpiyli^is, which shuts down 
■wdven anything is to he swallowed, so as to prevent the least 
crumb or drop from getting in. In the Interval that separates, 
as it w^ere, the mouth from the pharynx, hangs dowm a move¬ 
able arched curtain, wliich any one may see in himself by Uie 
assistance of a looking-glass. It is in the form of a double arcb, 
from tlie centre of w^hidx hangs the long moveable glandular 
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body, Uf called &oin its reseiablaiice to a grape, vmta. A. 
little further back, we can still perceive, by the aid of the 
lookmg-glaas, another pair of arches joining these at the point 
from which the uvula springs, but separated iix>m them below. 



Cut Bhowlsg Frosnm of Food from Uouth to Stomach, opening of Windpipe; 

posterior Nostrils, dio. 
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and in' this inistval are |daced the tonsils, which are so often 
swelled in a cold, accompanied by a sore throat. These tonsils 
are glands pouring out a mucous secretion, and their use in this 
place is to lubricate the food aud assist it in its passage down¬ 
wards. Behind and above these arches the passages %:om the 
posterior nostrils open also into the pharynx at the point n, and 
during the act of swallowing, these curtains, carried back by 
their muscles, are applied against these openings, so as to pre¬ 
vent any of the food getting into them. lij in the act of 
swallowing, a strong exertion be made, such as a burst of 
laughter, this barrier will be forced, and the food partly 
expelled through the nostrils. The same often occurs in the act 
of vomiting. The returning smoke through the nostrils is 
very common, and can be acquired by any one who thinks it 
worth his while to practise it. It is merely necessary to make 
tlie preliminary motions of sH'|llowibgVj^l»l when the smoke is 
got as fai' as the pharynx, then sudditfy to cease. The velum 
drops, and the smoke, by the slightest compression, is returned 
through the nostrils, the only passes now open to it. A 
f^^ereme to the ^ove cut will at once make this plain. 
Besides the openings we havealrei^y mentioned, in this funnel- 
shaped bag, there arc two more placed towards its side and 
upper part. Th^ are tlie tubes leading from the ears. We 
shall have occasion iO mention, thrir uses when speaking of the 
organs to vvliieh they load. At p|^^ent, we siiall only say, 
that inflammations propagated along them$ explain to us why 
a slight deafneift is so nlten comjiined with colds affecting the 
glands and lining membrane of the throat. The pharynx 
e^Xtends to about the middle or even the lower third of the 
neck, and here it terminates in tlie gullet, just as a funnel 
might terminnlC in a tirfie inserted into its narrowest end. 
The gullet is a m'l^uscular^^^j^inclrical tube jdaced behind the 
windpipe, and between it ai^d tlie back-bone. Li this situation, 
it runs along the neefej' and getting into the ches^ begins to 
deviate slightly towards the left; still, however, keeping close 
to the back-bone* It runs behind the heari and lungs, and 
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pttnetntiiig ]>, the diftphragm or great muscle that separates the 
cheat ^rom the belly, it terminates by entering the stomach, q, 
dose to its left upper extremity. It has two muscular ooat^ 
by means of which the food is carried to tlie stomach, and it b 
Ibsed with a continuation of the same smooth cuticular mem- 
bi«ne that wt see on the inside of the mouth* Thb lining 
membrane suddenly changes its qualities and appearance as 
soon as it enters the stomach: but it is from its continuity 
with the general lining membrane of the intestinal canal, that 
physicians judge of the state of the latter, by the appearances 
observed on the surface of the tongue. 

We are now called to observe the progress of deglutition. 
The morsel, when sufficiently chewed and mixed with saliva, 
b collected by the assistance of the lips, cheeks and tongue, 
firom all parts of the mouth. It is placed on the hack of the 
tongue; the jaws ur<j^osed ; the tongue, pressing agaiust the 
palate, forces the moi^ backwards towards the pharynx; at 
the same moment, the pharynx is drawn rather upward and 
forward* to meet it; the windpipe is closed by the epiglottis, 
over the back of which the morsel must pass; the constrictor 
muscles of the pharynx seize hold on it, and drive it into the 
oesophagus; the circular muscles of the o^opliagiis now come 
into play, and acting in succession from above doAvnwards, they 
with great rapidity drive the morsel along the whole tube antii 

* Thifi motion is principally produced by the diffogtrir or twc»-hclUod mnwle, 
to whioh we before alluded, and which has the singular conformation of a Sonhy 
IseUy at each end, and the tendon in the centre. 1 he object oi tins is obvious to 
any one viho looks at the niuwlc. The part nn which It is chiofiy to act, is tho 
top of the gullet, which is hero supported by a bone caliod U-t<Iinped (hyoid), 
jMuause it assumes something of the form of this letter, sending its h; am hes along 
, the sides of the passage, and having the windpipe nttached t«> its rctiindiHl extre¬ 
mity, which is in front. The digastric nucsele anses in the front from tho chin, 
and behind from a hard prqjectioii wntdi may be felt a little {wsterior to tlie cor. 
Its bronehesdescend something in theshaiH>of a V, and just at tlieir angle aro 
Implanted into the hides of the I^-shaped uono, having previously passed through 
S noose left fur them between thu dlurcs of anoilier muscle. For both these pur¬ 
poses, It was nccchcary the tendon should be in the ntiddln, us tho fleshy belly 
idways grows thicker when a musoie contracts, and, therefore, would constantly 
be equeezed by ttic noose, or would tear its hbres asunder' it would also be very 
clumsy to attempt attaching it to so anutU a bone. Both tliesc difficulties ora 
avoided by the ptosent amuigumcnt. 
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it^is lodged in the fttouMch. Thie will show that the 
food does not descend^ as is commonly supposed, by its own 
weight* Were this the case, how could a horse swallow^ 
whose head. In grazing, is much lower tha^ his stomachl It 
also explains the feat performed at Sadler’s Wells* by the 
tumbler, who, standing on bis head, used to drink a glass of 
wine to the great astonishment of our forefathers, who could 
not imagine how he got it to go up. We have seen, then, how 
the food is prepared for and carried to the stomach; our next 
inquiry must be into the nature of the changes it there 
undergoes. 


Chapteb IV. 


DIGESTI 



PiiRT II. Of the Stomach, and what takes plaoe there. 
Of Hunger, Thirst, and Food. 

Tse stomach is an organ that varies iuuch in size, form and 
structm'c, according to the food of the animal. These varieties 
aro always shared by the rest of the intestinal canal; and as 
they are in direct relation with the varieties of the teeth, we 
can from the latter, which w'e may cull external, draw certmn 
conclusions respecting the former, which are internal. Now, 
as the whole animal fmme is poweifuUy influenced by the 
nature of the digestive apparatus, without which, in fact, no 
animal body can exist, tlie w'onderful importance of the teeth, 
as on index to the wliole structure, becomes at once evident. 
As flesh, liaving been already part of an animal body, seems 
more ready to cuter into such a combination again, carnivorous 
animals have a small simple stomacli of little power or muscular 
force. The intestinal canal also is short, slender, and not much 
convoluted, or folded on itself. We need scarcely odd how 
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Bnited this, to tho light and iigile forms njeoessaiy tor beasts of 
prey. In graminivorous animals the reverse is the case. 
Everything seems here done to detain the food for as long a 
period w possiblen in order that time may he afforded for 
extractu^ all the nutritious matter it may contain. And the 
nature of vegetable food, little prone to putrefaction, favours this 
design. The stomach increases in complexity, ascending through 
the non-ruminont up to the mminant animals. In these latter,, 
there are actually four stomacdis, tlie internal surface of which 
is rendered as extensive as possible, by being thrown up into 
numerous folds and wrinkles. The intestines are long, and 
frequently twisted, so as to afford constant interruptions to the 
onward passage of the food. In consequence, their bulk is 
generally great, their bodies unwieldy, and their motions slow. 
Were such animals as the elephant or tlie ox to attempt living 
by the chase, the lessr^* and more active animals would escape- 
finoin their grasp; they^uld soon die of hunger, or be driven 
to their natural'food, the fruits of the earth. 

The human stomach will be found, as it were, a medium 
between those opposite extremes. Some of its provisions appear 
suited to animal, some to vegetable food: and thus we have 
an additional proof that man is an omnivorous animal. It is 
capable, in its natural state, of containing two or three pints 
of fluid, and resembles a bag stretched aci'oss the upper part of 
the abdomen from left to right. Its left extremity is the 
largest, and close to this the (esophagus enters. 

In the subjoined cut we sec the form of the stomach when 
moderately distended, its situation at the upper part of the 
abdomen, the mode in which tho oesophagus terminates in it, 
forming wbat is called its cardiac* orifice, and its own nar¬ 
rowing and termination in the duodenum, or first part of the 
intestine, which is its />yfonct orifice. We may also observe 

* Cafrdiae, next tlie heert; from the heart. 

t Pyloric, from a gate, and ov^oj, a guardian, from the old idea that 

fhia orifice acted lihe a porter, to prevent the pnseage of anything improper into 
the inteatlnes. 
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the greater currature, which being free, ie thrown f(»rward 
when the stomach is full, and as a large artery mns along 
its edge, any cutting instrument entering the abdomen at this 
time, would be peculiarly dangerous, from the exp^d situ- 



Stomacli in xitu. 


The heart, contained in its own sao, termed the perieardium. 

The aorta, or great artery of the body. 

The right lung. 

Tlie left lung. 

The stomach; of which c is the cardiac, and the pyloric extremity. 

The duodenum, or first part of the Intestine. 

The gall-bladder, from which we see the duct through whioh the gall or 
bile is conveyed into the duodenum. 

The liver, which in its natural state would lie down, covering part of the 
stomach and duodenum, but is here represented as drawn up so M to 
show these parts and the gaU-bladdor which is on its posterior suiAuie. 

The diaphragm, through which the oesophagus penetrates Just at e to 
become the cardiac end of the stomach. 

Ends of the ribs whioh have been out through in removing the front of 
the breast, so ns to give a view of the ports within. 

The pancreas, or sweetbread. 

The trachea, or windpipe, which inunudiatoly lifter ^divides, s en ding ft 
branch to each lung. 
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fttibn of this vessel. M. Larrey, indeed, itoentions having SKsa 
a soldier, after dinner, receive, i)y acddent, a wound with the 
point of a sword, which, to all appearance, was of so little 
depth aSjiiot to excite any alarm. To his astonishment, how¬ 
ever, the man sunk with extreme rapidity, in spite of all 
attempts to relly him; and on opening him after death, the 
whole cavity of the abdomen was found filled with blood, dis- 
chai^ed from an opening in this vessel. When the stomach 
is empty, the great curvature hangs down, and the vessel is 
then quite out of the way of such an accident. The lesser 
curvature is above, running between the cardia and pylorus. 
The coats of the stomach may be reduced to three, whose 
office is distinct and well marked. Externally, it has a serous 
^jooat; that is, the general serous lining of the abdomen folds 
itself over the stomach, in like manner as it envelopes the 
liver, the intestines, all other Contained parts having a 
certain power of motion amongst themselves. And this, it 
will be remembered, was before stated, as the general use of 
serous membranes, to afford a smooth and lubricated surface, 
by which neighbouring organs should glide freely one over the 
other. This, then, is the first coat; hut hemdes enveloping 
the stomach, it is continued on beyond its greater curvature, 
and hangs down like an apron over the intestines, dividing 
itself on its return to contain between its folds the arch of the 
colon, or great intestine. This extension of the serous cover¬ 
ing is termed the omentum, or caul. It is generally loaded wdth 
fot, but in the intervals presents its true appearance of a thin 
transparent membrane. Every one is familiar witli the use 
made of it by butchers in adorning the front of their lamb. 
Teal, and other young meats. A prolongation of this same 
coat towards the liver, is termed the lesser omentum. The 
second coat is the muscular, which is perhaps best seen by in- 
bating the stomach, dr^dng it, cutting it open, and then hold¬ 
ing it between you and the light. In this way, muscular 
fibres may he seen running along its sides in great numheiB, 
and a variety of directions. It has been usual to class them 
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hito ihjree orders, the first of which are longitudisal, or ron 
firom the cardia along the cades apd curvatures to the pylorus; 
the second transverse, or cutting these at right angles; while 
the third seem to wind round m an irregularly cylindrical 
manner, giving the stomach its peculiar vermicula/ motion, 
while it depends for contraction in length and *hreadth on Uie 
two former orders of fibres. The stomachy however, does not 
firom all these receive a perfectly continuous investment; it is 
rather a sort of surrounding network, in the intervals of which 
the other coats appear; and Doctor 
Knox and Sir David Brewster, having 
taken a part of a fresh stomach, ma* 
ccrated it, placed it between two plates 
of glass, and in this position interposed 
it between tliem and the rays of a very 
bright sun, were enabled4o perceive ^ 
arrangement of fibres around the ini^ 
stices, of which tliis is a magnified re¬ 
presentation. 

We see here the longitudinal fibres, the transverse cutting 
them, and the irregularly cylindrical taking off the comers of 
the intercepted space, so as to present in miniature, what 
occurs on a large scale in the camel’s stomach, where, as^we 
shall liave occasion to see afterwards, those very little inter¬ 
stices become enlarged into the receptacles, by means of which 
it retains the supply of water necessary for its thirsty pilgrim¬ 
age. The fibres are found in greatest number about the two 
orifices, particularly the lower or pyloric. The pylorus is 
nothing more than a fold of the internal coat projecting into 
the stomach itself^ or forming, as it were, a screen between it 
and the duodenum, ]>erforated in the centre, and surrounded 
by a strong band of circular muscular fibres. This internal 
coat is the last we have to consider. It is of greater size than 
any of the rest; consequently, to accommodate itself to them, 
is folded up into a great number of wrinkles. It has been 
usual to describe it as furnished with a number of fine pro- 
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I standing up like tlie ^nle of velvet, which were termed 
vUHf and thence the naime of villous coot as applied to this. 
Mom accurate observation, however, has,not proved the exist- 
ence of these villi, at least in the stomach; we shall, therefore, 
use the lerm mucous coat, which the secretion that constantly 
bedews it, renders sufficiently appropriate. 

These several coats are, of course, connected by layers of 
cellular membrane, which some have, therefore, described as 
separate coats. That connWting tlie muscular with *tho in¬ 
ternal or mucous, has more particularly been designated as the 
nervous coat. The term, however, is calculated to lead to a 
ffilse notion, nor is there anything so distinctive in this layer 
as to require a peculiar name. It is the seat of a great number 
of little glands, which pour their secretions into the stomach 
during the work of digestion. The branches of nerves and 
blood-vessels, with ^diicli the stomach is supplied in great 
abundance, interweave tiiemselves also in this situation, so as 
to make an inextricable net-work. Their final termination is in 
the inner coat of the stomach, which thus is vascular and ner¬ 
vous in It very high degree. It is from the extremity of the 
minutest arteries that the giistric juice, so necessary in the 
work of digestion, is supposed to be poured. Some, indeed, 
imagine a peculiar set of glands for its secretion, but >Yithoat 
sufficient support ironi anatomy. 

Very different accounts have been given rrapectlng the 
nature and appearance of this secretion, wliich may in some 
measure be accounted for by the difficulty of procuring it pure 
and unmixed with the mucous, salivary, and other secretions, 
generally existing along with it in the stomach. Its qualities 
also would appear, from tlit experiments of Spallanzani, and 
some later by Mogendie, to be altered by the nature of the 
food which it is required to digest. Thus tlie former never 
fimnd it in the least acid in birds of pn&y, serpents, frogs, or 
fiiffies. Crowds gave an acidulous gastric juice only when fed 
on grain; nud the same was the case in dogs, herbivorous 
animals, and domestic fowl. Carnivorous birds threw up 
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pieoes of shell and coral without altenituiii, which, fiom their 
chemical oompoaition, any acid would certainly have acted on ; 
and Spallanzani himaelf, having swallowed Certain calcaireotis 
substances in tubes perforated to admit the action of this juioe^ 
found their weight and size remain unaltered as Idng as he 
used a purely animal diet; but when he fsd otf v^tables and 
iruit, a slight diminution was observable, as if they had been 
immersed in weak vinegar. The solvent power of the gastric 
juioe, then, is its tirst and most chAracteviitic property. This 
power is so great in the dog, os to enable its stomach to digest 
bones, extracting the animal and nutritive parts, and IsMiag 
the earthy residuum, from which tlie fsoees acquire the wd|« 
known white and clayey appearance that, from the older 
chemists, gained them the absurd name of album grcecam. 

An apparently opposite power, yet equally well marked, is 
that of coagulation. This iK>wcr has J|y*en well known for a * 
great period of time, since the infuslilS of the «tomach of the i 
calf has been in all ages used to coagulate tnilk. For this 
purpose it is simply washed and dried, in which state it is 
found to preserve tliis quality. Dr. Fordyce states that six oT 
seven grains of the inner coat of a calf’s stomach thus treated, 
when infused in M'ater, yielded a liquor tliat coagulated more 
than a hundred ounces of milk; that is to say, more than six 
thousand times its own weight. Dr, Young relates, also, that 
having washed in water, and afterwards in a dilute alkaline 
solution, a similar part, he still found it capable of ooogulatiilg 
milk to a very considerable degree. It is evident how much 
we are dependent on this power during in&ncy, when the 
whole food taken being fluid, it should be absorbed all together, 
as swallowed, though much of it may l)e useless for nutrition, 
did not this power act, and tlirowing down in a solid form 
what is tmly useful, afford that in a separate state to be acted 
on by the digestive functions. A third quality of this gastric 
juice, and the last we shall at present notice, is its anti¬ 
putrescent power. Dr. Fordyce found that the most putrid 
meat, after remaining a short time in tlie stomach of a dog, 
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1)6caa[i)ie peifee^ swiet. The juices of maggots, and aaiptalp 
whe live ^eat in the last state of decay, are perfectly 6ee 
fiom apy putrid taint: and Spallanzani ascertained that the 
gaitrio jmce of the d<^ will preserve veal or mutton perfectly 
freely a^ without less of weight, fbr thirty-seven days, at a 
tame of yfiecr u'^en the same meats,, immersed in water, yielded 
an unpleasant smell on the seventh day, and by the t^rtieth 
were in a state of the mpsi^hensive putridity. This peculiair 
Bntiseptio property suggest^ the idea of applying it to wounds 
of a ftemiliarly bad and gangrenous dispomtion. The experi¬ 
ment vma made by Jurine and Canninati, the latter of whom 
also used il internally, and, it would appear, with some suo- 
cesB. From the close similarity of saliva, and the much greater 
facility with which it can he procured, M. Bicherand was 
tempted to use that as a l^ubstitute. He had under his care a 
person with an obstirM^f soro on the inner ankle of his left 1^. 
liotwithstandiSlg the e:!^mal application of powdered hark, 
and of compreaS&s soaked in the most detcigeiit fluids, the sore 
was improving very slowly, when he btihought himself of 
moistening it every morning w ith his saliva. From that time 
the patient evidently mended, and his w'ound, conti‘acting 
dally, at last became completely healed. 

We are now prepared to understand what takes place in the 
stomach on the arrival of the food there. During the pre^ess 
«f the meal, the stomach appears nearly passive, yielding to 
the food, which, by its bulk, distends it. Wlien, however, 
the process is complete, it begins to react. At flrst, a few 
slight and irregular contractions of the muscular fibres take 
piece; these, by degrees, increase in strength and regularity, 
amtil at last a well-marked vermicular motion is established, 
contracting the stomach In all directions, and moving its con¬ 
tents from the greater towards the lesser extremity. The 
gastric juice, the mucous, and other fliflds, are in the mean 
while pour^ out plentifully into the cavity, and if the food 
he in a short time examined, it will he found that a thin layer 
of it all sound, where it is in contact with the coats of the 



DnSEffTXOK. 


7 « 


ttomach, has become ecftened and mixed lidth the thiids. Hkih 
is the first step towards disgetMon, and this is an Order whi<di 
is always accnigltely 6l>senred. At whatever period we Stalte 
the examination, the change will be found ^rei^st the food 
in contact with the stomach, and diminishing ^exactly in |dxk 
portion as we recede firom this. Wh^ the external layer 
thus perfectly saturated, it is moved on by theimiuscukr con- 
tractio];|s of the stomach towarda^ilm pylorus, while the next 
layer is presented to undjwgo the name process. If, bffore 
di^iestion of a meal be complete, fresh food be infoodtpcnd> It is 
always foimd placed perfectly distinct from thoTiitoainsuf t^s 
former. ^Thus Dr. Wilson Philip informs us, that in the 
stomachs of more than a hundred and thirty rabbits which he 
examined, and which had been killed at various stages of diges* 
tion, the old food was never mixed With the new, but inwui- 
ably lay next the coats of the stoma^j^’^containing the n*^w in 
its centre, as if it were neceffiarj that the foirtner should be 
folly digested before the latter was commenced on. 

Prom the food being constantly moved on, we q^uOtild, cf 
course, expect to find that which wus best digested in the 
nity of the pylorus, and such is the case. And here it BcaltK 
more fully imbued wuth fluids, and more completely deprivM 
of all distinguishing character, still, however, accurately ob¬ 
serving the rule, that the part near the circumference is more 
digested than that near the centre. In a liealthy state, and 
when the food is such as to agi-ee, this process goes on without 
the production of any air or gas. But when the stomach is 
weak and disordered, flatulence, sourness, and eructations, all 
attest tlie failure of its pow’d-s. Rest is well known to be 
favourable to this process, though it by no means follows that 
a moderate degree of exertion interferes in persons of good 
health and vigour. Sir fiusick Harw ood took two pointers, as 
nearly as possible of equal strength. Having given them both 
a full meal, he left one at rest, and took the other out to beat 
the fields. At the end of tw'o hours he had them both killed, 
and found, in the dog that had remuned at home, all the food 
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i\'pvA tliTough the first stag« of digestion, as we 
|wVe desorbed, white in the stoinacii of the other dog the food 
Remained almost as taken. 

!Ekoi]j^ all which, we may see the wisdom of the old proverb, 
AfbSr dinner sit awhile.** 

*Darkig digestion, both apertures of the stomac'h are closed; 
the vital powers seem to leave the surface of the body and 
concentrate themselves on the important work that is going on; 
th^re is^ therefore, a slight cnill on tj|e surface, and after dinner 
every one naturally draws round the fire. The length of time 
required to ;jelear the stomach after a meal is, of course, ex¬ 
tremely various, being influenced hy the nature of^ the food, 
the state of health, the quantity of mastication employed, and 
many other circumstances. However, as an average, we may 
Bay th4t a substantial meal is disposed of, by a healthy per¬ 
son, in four or five Ifenrs. This is a point to which persons 
troubled with Indigestion should particularly attend, as it is 
clearly of importance that the stomach should be allowed to 
clear itself of one meal before it is railed on to renew its func- 
by the presence of fiesh food. We also see tlie imj)or- 
Wlce, to such persons, of using food that the stomach can 
mspose of nearly in the same time, as otherwise one ingredient 
of a meal might be quite digested and fit to be paised on when 
another was only beginning to be acted on by the gastric juice. 
Thus the stomach is distracted in its operations, having one 
port of its contents to pass on, and another to retain for fur¬ 
ther maceration. This is of so much importance, that Dr. 
Abercrombie declares he would almost <lisregard the quality of 
a dyspeptic patient's food, provided it he of the same kind, 
and not of too great a quautit}. 

The matter into which the food is changed by this first 
process, is a gray, uniform, pulpy mass, of a faintish and 
slightly acidulous taste. Notwithstanding the powerfully 
aolvent qualities of this fluid, it is well known to have no 
on living bodies. Thus, certain worms live and thrive 
with impunity ri our stomachs, and in spring time we find 
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the whole internal surface of the stomach of the h<^ lo^ide^ 
with the young of K certain kind of insects, termed j^y 
“ botts,” which find this situaiion most mtM for their growth^ 
and hold to the internal membrane by means of two slmrp 
hooks, with which they are furnished, until, having got 
through their first or larva stage here, they let«go their hold, 
and following the course of the alimentary passage, are bright 
into light towards the end of May or June, juSt as they are 
about to^ undergo their transfomiii^ion into a chrysalis. This 
peculiar property of living matter also serves to prc((i(ect 
the coats of the stomach itself from being acted on by this 
very powerful agent. When the property of whlah we speak 
no longer interferes, when life is suddenly withdrawn, and, 
at the same time, a quantity of this fluid happens to be just 
poured out, corrosion does take place, and, under such circum¬ 
stances, John Hunter first observed th^ singular fact of the 
stomach being dissolved in its own "^tilces, Jpiut this is not 
the result of disease, he concluded, from ith <j|Ccurring to him 
first in a person who had been siiddenh killed by a blow of a 
poker, just after liuving eaten a very hbarty meal. I/pon open¬ 
ing him he found tlie food partially digested: but the stomach 
also was dissolved at its great end, and a great part of its con¬ 
tents had escaped flirongh the hole thus formed, and lay loose 
in the general eavitj of the abdomen. 

In pursuing the inquiry, he examined the stomachs of a 
great number of fishes, m ho may all he said to die violent 
deaths, and all up to the moment in perfect health, while from 
their rajiacious disposition their stomachs are commonly full. 
In these animals we sec the progress of digestion most dis¬ 
tinctly ; for, their teeth being, as we have said, organs of pre¬ 
hension, not of mastication, they generally sw’allow their prey 
whole. This prey is often another fisli, larger than their 
stomach can contain# and in such cases the part of it which is 
in the stomach is softened and digested, while the rest, which 
remains in the (esophagus, is perfectly sound and untouched. 
In many of these he found ** that this digesting port of th$ 
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«tomAicIi mm reduced to the saiue dlBeoired stale m the 
digested pvrta of the food.” The drcumstauee has siuee bem 
frequeutly ohservad, and it is fotu^ most coustanUy to occur 
in persons who have beeu hilled suddenly^ while in good 
heahhy «ihre parUcnlarly if it should he aeon alter a meah 
The h^it of ^orj^iing crtminaU (if they are inolined for it) u 
full meal just before execution, Iw afMed many opportuni- 
^iea of repeating and verifying this observation* D^tor Wilson 
Philip, in his extensive and valuable experiments on ammals, 
haa not neglected to notice this fact. He says, This 1 have 
often observed in rabbits, when they have been killed imme¬ 
diately after eating, and allowed to lie undisturbed for some 
time. On opening the abdomen, w'e have foimd the great end 
of the stomach soft, eaten through, sometimes altogether con¬ 
sumed, the food being only covered by the peritoneum, or 
lying quite bare for an inch and a half in diameter, and port 
of the contiguous *int!i^‘'ries, in the last ease, also consumed, 
while the cabbt^e which the animal liad just takim lay in tlia 
centre of the stomach untouched, except on its surface.” The 
reason of all this is now sufficiently obvious. TJie food taken 
just before death is the natural stimulus to the secretion of the 
gastric fluid. This is poured out in great quantity, and 
^edily saturates the superficial layer of food \\ ith which it is 
in contact. In the natural state of things, the musi‘ula^action 
of the stomach would have moved on this layer, and presented 
another for the action of the digestive juices: but death has 
put on end to motion, and the gastric fluid, finding no fresh 
matter presented to it, turns its action against the coats of the 
stomach, no longer possessed of that vitality which enabled 
them to resist its influence. Under these circumstances, they 
are corroded; an irregular jagged hole is left, and the con¬ 
tents escape tlirough it. 

That tJie motion of the stomacli is in one uniform direction, 
is concluded from the appearances in the stomachs of animala 
covered with hair. In the calf, for instance, which licks its 
^in with its tongue, and then swallows the hoii's thus de- 
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bAirs an eonstsntly found in the ca^tj of the 
stemaeh. On esKamiAing^ these, the hairs are found to lie iA ' 
one tmxfonn direction; those of each* hemisphere seeming to 
arise ftnm one comihon centre^ round which they assume a 
circular arrangement, corresponding to what would ippett^^ta 
be the axis of motion. Thb regularity could not he piodnced 
if there was not a regular motion in the stomach. A remark* 
able opportunity of observing < the motions of the human 
stomach occurred to M. Richeiand, in the wards of Ihn 
Hdpital de la Charite at Paris. The patient, who was a female^ 
had, several years before, by a :&11 against the thr^old of a 
door, severely bruised the epi^asttic region. This is the upper 
part of the abdomen, immediately below the breast-bone, and 
answers to what we generally term the pit of the stomach. 
The part remained painful and discoloured for a long tim^ 
until one day, during a violent fit of vomiting, it hurst, and 
some of the contents of the stomach were ^sc^^^arged thiough 
the rupture. The opening was at first very s^pall, and would 
only suffer fluids to pass, but it gradivilly enlarged, so that 
when she came into the hospital it x^as on inch and half in 
length, by an inch in breadth, and the solid food came away 
through it fmely. Three or four hours after a meal, an irre* 
sistible desire obliged her to take off the lint and compresses, 
by which the fi«tuh)us opening was covered, and to give vent 
to the food which her stomach might happen to contain. It 
came out rapidly, and there escaped at the same time a certain 
quantity of gases.” She was unable to sleep until she had 
emptied her stomach, which she cleansed by swallowing a pint 
of infusion of camomile. In the morning, the stouiach ap¬ 
peared of a vennilion colour, its surface uTinkled with folds^ 
covered with mucus, and containing a small quantity of a ropy, 
frothy fluid, like saliva. The vcnuiculur motion in this case 
was observed to have two directions; the one natural, towards 
the pylorus; and the other, which we may suppose jicculiar 
to the circumstances of the disease, towards the fistulous open¬ 
ing, The poor woman lingered for some time in an emaciated 
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conditio^ supported only ^by the small quantity of food which 
passed on to the pylorus. For thougli the absorbents of the 
stomach might take up a certain portion of the food there, 
and convey it for the support of the body, yet it must needs 
ha^ beSn bat very imperfect nutriment, not having as yet 
undergone th«saction of the bile, the uses of which in digestion 
we shall have to mention afterwards. Yet, even in this poor 
woman’s case, suffering under this melancholy accident, ^vas 
exemplified a most beautiful and careful provision for'the pre¬ 
servation of life. To understand this, it is necessary to remark, 
that in its natural state the stomach is attoched merely at its 
extremities; in other respects it is a loose floating be^ in the 
cavity of the abdomen. Now, if in this state an opening were 
made into it, its contents would be poured into this cavity, 
their presence there would excite violent inflammation, and 
death would follOjj^ course of a few hours. Why did 

not ail this tdfce placem the case of this poor woman ? Be¬ 
cause here nature (so to speak) had warning. The constitution 
found that an injury had been inflicted too great for it to re¬ 
pair. It was necessary that the part injured should die and be 
cut off. To avoid this was impossible; the next thing, there¬ 
fore, was to guard against its being the cause of further damage. 
For this purpose the external, or gerouSy coat of the stomach 
which had shared in the injury became inflamed. Thc%aturo 
of serous membranes when inflamed, is to throw out a thick 
glutinous matter, termed coagulable lymph. By means of this 
the stomach became adherent to the front of the aijdomcn, 
which we know is lined by a similar membrane: this, of 
course, having equally suffered, had equally assisted in the 
process. The stomach now% tiien, was no longer loose but at¬ 
tached ; and when the injured part had sloughed away, yield¬ 
ing to the force of the effort in vomiting, a direct opening was 
left between the stomach and the external air, the parts around 
it were found to have grown together, and no further injuiy 
arose from the discharge of its contents, than that consequent 
on their too Iqpeedy depforture from the system. 



piosamm. 


81 


[There is only oqe ease on record of perfect recovexy follow¬ 
ing an external wound oi the stomach, the opening remaining 
unclosed. Alexis St. Martin, a young Canadian of French 
descent, while engaged in the service of the Canadian Fur 
Company, in 1822, was accidentally wounded in th» side hy 
the discharge of a musket* Dr. Beaumont, to jrhom we owe 
all the &ct8 connected with the case, saw the man half an hour 
after the accident. He found all the coats of the stomach tom 
through; and the food, which had been taken for breakfast, 
pouring out tlirough an orifice large enough to admit the f<^e- 
finger. So complete was the recovery that, in the course of a 
few months, a natural wUw had formed, which entirely pre¬ 
vented any efflux firom within, but admitted of being easily 
pushed back by the Jinger from without. Here then, for the 
first time, were all the processes of healthy digestion unveiled; 
and Dr. Beaumont spent 700/., during eleven years of observa¬ 
tion, in supporting and experimenting' upon Martin. He 
found that the gastric juice does not continue to be secreted 
during the intervals of digestion; not accumulating, as had 
been previously supposed, to be ready for acting upon the 
next meal: that the quantity of the gastric juice is always in 
proportion to the quantity of aliment naturally required by the 
system; and that if an excess of food be taken there will be a 
deficiency of gastric secretion to digest it: that exciting ^pmd 
depressing passions produce a visible alteration in the villous 
coat of the stomach—that tissue now becoming red and dry, 
and, at another time, pale and moist: that bodily excesses ore 
followed by parallel effects : that in fever no gastric juice is 
secreted, &c. &c. Of a number of inferences drawn by Dr. 
Copland from these and other experiments, the following are 
of most general interest:—1. That the gastric juice is a clear 
transparent fluid, without odour, a little salt, and perceptibly 
acid. 2. That this juice is secreted by distinct vessels. 3. That 
it is never found free in the stomach, but is always excited to 
discharge itself by food or other irritants. 4. That it is modi¬ 
fied in quantity, and, probably in its intimate nature^ by the 



qwaititi' and natoxe of the food. 5. Tlial solid food is eisiar 
Ilf digestion than fluid; ammal 4haii vegetable; fiirinaoeoiin 
than other kinds of vegetable food. 6. That the continued use 
of s^drits causes oiganio disease of the stomach; nd^ 

lastly, that the quantity of fl>od generally taken is move than 

wants of system require.] 

We Imve used the term ‘‘nature’* above in complianoe 
with common custom, but all our readers must have Mt hov 
utterly inexpressive is such a^term. What is nature, or what 
is the constitution, but the result of general laws, preordained 
by a Being, wiso as he is beneficent, who, in the midst of judg* 
ment, remembers mercy, whose tender care is over all hia 
winks? Who but He could provide not only for the nuao^ 
tenance of the body in health, but for its reparation in disease ? 
And how beautifully is the law suited to the arrangement! 
Serous membranes when inflamed adhere; mucous membranes 
when inflamed ulcerai^. Now, had the serous membrane been 
made internal, pnd the mucous external, of the coats of the 
atomach; or had the serous been placed in the centre, and sur¬ 
rounded by the muscular fibres; or had it not found another 
serous membrane opposite it lining the abdomen; in short, had 
say arrangement but the present subsisted, the law would have 
been useless, and deatli would have been inevitable. The ex- 
quipto pleasure with which on humble admirer of the ways of 
Frovldence contemplates a provision so wise, so simply beauti¬ 
ful, so full of tender foresight, is worth years of philosophis 
scepticism and heartless unbelief. 

When the motion of which we have been speaking is in- 
rorted, vomiting results. In this case, the muscular fibres 
contract from the pylorus towards the oesophagus, so that the 
£>od, in place of being moved oi? through the former, is re¬ 
turned by the latter. It would appear, however, that the mus¬ 
cular fibres of the stomach ore not of themselves sufficient to 
cvercome the resistance offered by the circular fibres which 
diose the oesophagus, but require to be assisted by the dia¬ 
phragm, (i^eseated in our cut, letter i,) and the external 



mweles of the elidemeii. Tluit in mdinsry Tonsithig, sise& 
nasifltence is.afibrdod, every oBe*B Tecidlection «f oi^m eacpe- 
lience on metk eocasions, may afford eufficient proof; of oendar 
danoDStration of the vkdent action of the ididomiaal mnBcles 
may be had by noticini^ a dog or eat when sick. Bu^not €»&> 
tented with this, some physiologiirts hare resort^ to the crqcd 
experiment of cnttiiig away these muscles, and then giring the 
snhnid an emetic, and observing its fruitless efforts, under such 
eiieumstances, to dischaige ita^sttmiacli, an e€M that was 
immediately produced when they substituted pressure rrath 
their hand for the action of the parts removed. Some harre 
advanced that the stomach is quite passive in vomiting:, and 
that the act wholly depends on the pressure exercised by those 
other parts. But this doctrine goes too far, though M. Magaa* 
die endeavoured to prove it by the singular experiment of 
removing the stomach from a large dog, subs^tuting for it a 
bladder, which he attached to the oesoplLagus, and then having 
excited vomiting by the injection of tartar emetje into the veins;, 
he showed that the abdominal muscles and diaphragm were able 
to discharge the contents of the bladder as if it had been a real 
stomach. But the experiment was evidently fallacious. The 
stomach is, by its vital power, capable of resisting the effects of 
such pressure, otherwise it would be discharged every time w© 
made a strong effort and held in our breath, or every time 
a sailor hud himself across a yard-arm. But there are ceirtani 
muscular fibres which, embracing like a 'mnning-striiig the 
termination of the oesophagus, close it under ordinary cucusi* 
stances, and prevent the backward passage of anything through 
it. These fibres were evidently cut away in M. Magandhi'B 
experiment, therefore the peculiar action of the stomach, neeoa - 
eary to overcome their resistance, was not required, so that he 
only proved, what every one will cdlow, that if you squeeze a 
bladder, into the neck of which you have inserted on open 
tube, its contents will be discharged through this tube. But 
this is evidently not the situation of the human stomadu 
''We had occasion to notice, in speaking of swallowiiig, th© 
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means l>y whieli ike food was prevented getting into the wind* 
pipe, or ^ hack of the nostrils, where they open into the 
pharynx. It is evident these provisions only answer for the 
downward progress of the food; on its return they are of no 
manner of use. The most important danger, therefore, that of 
the matters vopaited getting into the windpipe, is guarded against 
by persons always making a very full inspiration previous to 
the act of vomiting, and coughing immediately afterwards, so 
as to dislodge any irritating sijbstance that may be lodged about 
the upper part of the throat. The full inspiration is also 
of use in pushing down the diaphragm, (see plate,) which is 
thus made to press more forcibly on the stomach. The other 
circumstance is not of so much consequence, and no provision 
seems made against it, so that we often see part of the Huida 
ejected pass through the nose. The causes of vomiting, Dr. 
Bostock reduces to three classes : 1. Irritating matters acting 
directly on the stomach itself; 2. Irritations applied to other 
parts with whicli the stomach s^nnputlii^es; and, 3. Mental 
impressions, the effect of wliich depends, in a great measure, 
on association, and affords one of the most frequent illustrations 
of the influence of mind on body. Under the first of these , 
heads, all emetics, undigested food, and such like matters, will 
come. The second is more curious, and affords many exempli¬ 
fications of what we term sympathy. Thus, wounds on the 
head generally produce sickness of stomacli. Dr. Wollaston 
refers sea-sickness to au accumulation of blood on the brain, 
caused by the descending motion of the vessel; and M. Saus- 
sure, in his Voyages dans Us Alpes^ reports tliat many of his 
companions were seized with nausea and vomiting as soon os 
thcy .hftd reached a certain height; where, from the increased 
rarity of the atmosphere, it has been supposed that the circu- 
liddon of the brain must also have been affected. [Sea-sickness 
has not been satisfactorily referred to any one cause; and, al¬ 
though various hypotheses have been advanced, the evidence of 
&cis st^l remains of a negative character. It does not depend 
iipoh impressions conveyed to the brain through 
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the medium of the eye, beotnise the blind ate Mek at sea; nor 
upon the continual motion of the contents of the stomadi, for 
neither abstinence nor repletion avail; nor upon fear^ for 
Nelson was confined to his berth for several days by this affec¬ 
tion, and Sir John Franklin was never able to take the com>- 
mand of his ship until he had passed the Bay «f Biscay; nor 
upon an accumulation of blood upon the brain, as in W^dlas- 
ton’s theory, because the recumbent position is a souKe of 
relief. And, as regards the external cause, the descending 
motion of the vessel cannot he assigned as it, for old seamen 
who were not sick in their ship have been known to suffer 
after rowing in a 'small boat for several hours; and the writer 
has observed that the motion that accompanied a head sto^ 
vnihmt wind affects the stomach sooner than any other; he 
has seen nearly all tlie crew refuse food after a continuance of 
this motion, and has himself suffered after having been <][uite 
well during a previous fortnight of bad weather. To undeiv 
stand this motion, the centre of gravity of the ship may be 
supposed to be continually describing^ a figure of eight side¬ 
ways, without progression, thus, oo. A more accurate ob¬ 
servation of the relations between the nature of the motion 
and its proportional effect upon the stomach might lead, per¬ 
haps, to more positive results.] The third class, includit^ all 
cases of sickness arising from disgust, unpleasant recollections, 
terror, and oilier such causes, is also of es:treme interest but 
would require a chapter, rather than a paragraph, did oar 
limits allow of it. 

There is another species of inverted motion to which we 
must now proceed, and which leads us to some very carious 
provisions in the animal cecunomy. This is Ruminaticm. 
Some men have been known to possess the power of bringing 
up their food after it hod been swallowed, and submitting it a 
second time to the process of chewing. In a case of this kind, 
mentioned by Sir Ev^rd Home, the individual swallowed bis 
food voraciously, and without chewing. About a quarter of 
an hour after the meal was terminated, he used to bring up a 



nmisel &0111 thfi stoiwh by a slight effort. This was chewed 
and swallowed, and alter a little interval, another was brought 
up, and underwent the same process. Blumenbach mentions 
that he knew four man possessed of this power. They all 
assured Mm that they had a real enjoyment in doing it; and 
in two of them it was perfectly voluntaiy, so that they could 
abstain &om doing it at pkatmre. Rumination, however, is 
much m<ure perfect in some other mumals, and the apparatus 
of stomachs prepared for its performance is both singular and 
beautiful. The final cause why certain animals ruminate 
seems not yet fully ascertained. Aristotle, ingenious even in 
hib mistakes, having observed that the ruminants best known 
to him, such as the deer, the cow, the goat, wore provided 
with horns, but wanted the incisor teeth of the upper jaw, 
suggested that the materials of the latter were employed in 
forming the former, and the want of the organs thus defective 
was supplied by such an apparatus of stomachs as should send 
the food up for i^econd mastication. But w'e cannot admit tliis 
naode of reasoning, as it is evident such a provision would 
rather remedy a deficiency of grinder than of incisor teeth* 
Further observation also has shown his facts not to be so uuif 
yersal as he had supposed. The llama has two incisor toetii 
in its upper jaw, yet has all the apparatus for rumination, 
while the elephant, which has none, manages to digest without 
this process. Sir Evciard Home took much pains to show 
that, during digestion, the stomach of man, and generally of 
carnivorous animals, divided itself by a contraction of the 
muscles into two cavities; the one, towards the left dde, or 
.the mitrance of the gullet; the other towards Uie right, or the 
passage into the intestines*. This he termed the haur-fflass 

* How far this opinion is correct seems yet ratber undetermined. It was 
adTanced before Sir E. Uome's time, by Haller and Cowper; it is admitted 
Maekel. and defended by Bostock. But at the time Sir E. Home stated it, It waa 
alteoked by Dr. Alacartn^, in that most excellent article Mammalia, Bees’s 
Olfdopadia ; and his views have received much support from the late oMerva* 
Uoni 4f MM. Ttodomann and Oioelin, celebrated Gemum Fbysiolegista. 
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Sketch of Stomach* with Honr-gUis Contraction. 

• is the cardiac orifloo, and b the cardiac cavity. 
d the pyloric orifice, and c the pyloric cavity. 
e moiics the situathm and extent of the contraction. 

• 

The first of those cavities he naa^es cardiaCf from its vi- 

cmity to the heart; the second, jp^loric, from ite vicinity to 
the pylorus. 

Now this contraction, which is only temporary in man sn^ 
carnivorous animals, becoming pennanent in others as tho 
beaver, the hare, the rat, forms the first step towards the per* 
feet division observed in ruminating animals, in whit^ tiiere 
are actually four distinct stomachs. In further examining this 
matter, he ascertained that the liquids are in a great measnro 
confined to the cardiac cavity, and absorbed from when in 
too great abundance. The solid food freed from these is then 
pawed on to the pyloric extremity, where it is geneanlly found 
drier and more reduced to the state of that pulpy mass termed 
This, he observes, shows how the process of digestion 
may go on in the stomachs of men who drink after 
several quarts of different liquors, A weakness, also, of these 
muscles, rendering them unable to contract effectually, would 
account for the inconvenience suffered by many persons affected 
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with indigefition, i^m usmg e^en a modeiate quantity <»f drink 
at their meals, lii such case the liquid w<mld spread itself 
over all parts of the stomach, which would thus he prevented 
from acting properly on its scdid contents. As some animals, 
in whom this contraction is pcnnanent ruminate occasionally, 
particularly \fhen fed on harder food than ordinary, this may 
give ns «>me idea of the mode in which this same circumstance 
occurred in those men of whom wo have spoken above. In 
the horse and the ass the division of the stomach is rendered 
very clear hy the cardiac portion being lined with a regular 
cuticle, while the pyloric presents the proper villous sur6me. 
The cardiac portion is here, then, evidently but a receptacle in 
which the food undergoes a sort of previous mfuieration and 
Softening before it is passed on to be digested in the latter. 
This cuticular lining is also found in part of the stomach of 
the kangaroo, which combines in itself this provision, with the 
cardiac prolongations, or pouches, such as occur in the hog, or 
the elephant, and a complexity approaching nearly to what we 
see in the ruminants. Under certain circumstances, kangaroos 
do niminate. Sir Joseph Banks, who had several of these 
animals in his possession, found this to be the case when they 
were fed on hard food. It is not, however, their ordinary 
habit, as those which were so long kept at Exeter ’Change 
were never detected in the act. 

We have now arrived at the ruminating animals, in whom 
the complexity of the digestive organs has reached its utmost. 
In the ox, the food, when swallowed, descends hrst into a large 
cavity, termed the paunch, and the animal generally continues 
to eat until this cavity is quite full. The food here, under the 
influence of heat and moisture, suffers a sort of maceration; 
and as the drink is contained not in this, but in the second 
atomach, fermentation occasionally occurs here, when a large 
quantity of green food, such as clover, rich grass, or othcar 
young vegetables has been taken in. In such cases much air 
Is dias^foged, and the animal swells up enonnously, the 
paunch precewg on all the other organs, so as not unfrequently 
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to destn>y Hfe* T]ie readiest remedy is to plunge a knife late 
the left loin of the animal, which penetrating the paunch, will 
give exit to the wind in prodigious quantities* This expedient, 
though apparently so dangerous^ is seldom known to be fol¬ 
lowed by bad consequences, • 

It is generally in this stomach that those* hair balls, of 
which we spoke before, occur. Similar balls made of the 
fibres of plants are also found; and the bezoar*, once so 
famous, is now known to be nothing more tlian a stony con¬ 
cretion found in the first or second stomach of the wild goat, 
antelope, and other similar animals. The second stomach 
communicates so freely with this first, that were it not for its 
difference of structure it might be considered os forming part 
of it. It is known under tlie name of the hmey^comh^ which 
well describes its appearance, and is situated like a slieif within 
the first. The drink descends into this, by which it is enabled 
to moisten the food as it receives it from the paunch, and so 
mould it into little pellets, suitable to be senhup through the 
gullet for the process of a sound chewing. • This roguigitation 
is facilitated by the mode in whicli tlie g^illet terminates. It 
opens just at the junction of the first and second stomachs, so 
that on itb left side it diseharges into the former, w'hlle at its 
right it receives from the latter. But tlie most curious provi¬ 
sion is, the double muscular baud wliicli is continued from its 
extremity to the opening of the third stomach, wdiich ojiening 
it brings forward close to the tenniuation of the gullet, when 


* The hezoar was long supposed to have most powerful virtues as an antidote 
In CONCS of poisoning. Its use extended tmtil it came to be lookod on as a remedy 
for almost e^cry disease; but It proved unequal to its high oharaot^, and from 
having been extolled as good for everything, is now neglected as good for nothing. 
Till' first person by whom it was mentioned was Arenxoar, an Arabian physician, 
and his aooount of it was sufficiently amusing. He says that the saags of bis 
cHiuntry were very fond of eating serpents: this propensity, however, subjected 
them to the danger of being poisoned, to guard against which, as soon as their 
repast was finished, they used to run into the water until up to Hiefr nose: here 
they used to stand until the effects of the poison worked off, by means of a 
humour that oozed from their eyes, which gradually hardening and beooming 
noagulated, fonned the bezoar>stoBe. This, when quite hard, Was thrown off by 
the animal rubhlng himself against the trees. 
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tli9 xnozad is to be sv^owed a second Hme, itself, 

also, at ibe same time, into a tube, so as to prevent any portioit 
eteaping into either of the other two cavities*. As long as the 
nnimal is fed on milk only, this band is constantly folded in 
like a tube, leading from the end of the gullet to the third and 
fonrth stomach. The two first cavities are, at this period, 
dbsed up, for, not possessing any proper gastric juice, they 
have no power of coagulating milk, which we have above 
shown is the first step towards its digestion. This power, 
however, is possessed in the highest degree by the fourth 
stomach, into which, therefore, the milk is directly carried; 
and while the animal continues on this food there is no rumi¬ 
nation. But as soon as solid food begins to be shallowed, it 
forces open, as it were, the sides of the tube at the end of the 
gullet, escapes into the cavity of the first stomach, which then 
cmnmences its duty, and thenceforth the animal ruminates. 

It is scarcely necessary to draw attention to so very obvious 
an instance of prospective design. The young animal is fur¬ 
nished with two additional stomachs, of no use to it in early 
life, but which become necessary as it advances towards 
maturity. We may, however, leom from it to be cautious 
how we deny that a port can have use, because we do not im¬ 
mediately perceive it. 

The third stomach, which is tlie smallest, is termed mca^* 
from the multitude of folds made by its inner mem- 
bnne, which lying one over another, like the leaves of a book^ 
have also procured for it the name of book-tripe. Between 
these folds the food sent down after the second mastication is 
made to pass^ and as they take a semi-circular direction, its 
stay in this cavity is prolonged os much as possible. The 
number of these folds, or leaves, is about forty in the sheep* 
and one hundred in the ox. This opens directly into the 
fourth atomach, which is the true digesting stomach, furnished 

* II. Ftoofeni, hw opened the etotnaohe of xneiiy llTfng sheep iriiihi 
dlgeetlon was going on, i^veeasomewhat different account of this part of the 
process. His views'^lU be found in the ^miajMdMSetensMiiratiifvUsr. 



with a TiUous coat, with solvent gastric jiuee, and the ather 
necessaiy accompaniments. 

So to we may be considered as describing the digestive 
apparatus, not only of the ox, but of the sheep, goat, daer^ 
and all ruminants with horns. A still more contpUcated 
structure occurs in the camel, dromedary, and dlama, which 
are without horns. The most accurate accounts we have of 
this are, perhaps, Cuvier’s examination of the stomachs of a 
llama, and Sir Kverard Home’s of those of a camel. We 
slioll rather extract from the latter, inasmuch as the habits of 
the animal are better known, and also, because Sir £. Home 
liad the advantage of examining a full-grown animal, while 
Cuvier’s was only in its total state. The difierences, however, 
were really very trifling. 

In 1805 the curators of the Hunterian Museum at the 
London College of Surgeons had an opportunity of puichaang 
a camel, which was in a dying state. They gladly availed 
themselves of the opportunity thus afforded of»tortheriiig our 
acquaintance with the peculiarities of its siructore, which we 
only had an opportunity of learning before through the 
medium of a dried preparation made by Mr. Hunter. 

They appointed Sir E« Home, as professor of comparative 
anatomy to the college, and some other gentlemen, to examine 
and report on the appearances found on dissection. 

The camel, the subject of the following observations, wae 
a female, brought from Arabia, twenty-eight years old, and 
said to luve been twenty years in England. Its height waa 
seven feet from the ground to the tip of the anterior hump. 

At the time it was purcliased it was so weak as to be hardly 
able to stand. It got up with diflkulty, and almost imme* 
diately knelt down again. By being kept warm and well fed, 
it recovered so to os to be able to walk, but was exceedingly 
infirm on its feet. It drank regularly every second day six or 
seven gallons of water, but refused to drink in the intervening 
period. It took the water slowly, and by mouthfuls, until it 
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had done. The quantity of food it consumed daily was^ one 
of oats, one of chaff, and one-third of a truss of liay. 

In the beginning of February, 1806 , it began to shed its 
COB^ and cold winds coming on in March, it suffered much, re¬ 
fused itS food, and was reduced to an extreme state of debility. 
In this stattf it was thought advisable to put an end to Its 
misery; and it occurred to the committee that if this was 
done soon after it had drunk a quantity of w'ater, the real 
state of the stomach, that adapts it for its travels in the desert, 
might be ascertained. On the second of April, by giving the 
animal hay, mixed with a little salt, it was induced to drink 
three gallons of water, not having taken any the tlirce pre¬ 
ceding days, nor shown the least inclination to do so. 

Three hours after drinking, its head was fixed to a beam, to 
prevent the body falling after death; it being an object to 
examine the intestines witli as little disturbance from their 
natural situation as possible. In this situation it was imme¬ 
diately killed, by dividing the spinal marrow close to the head 
with a sharp double-edged poniard. In two hours the cavities 
of the chest and abdomen were laid open. 

The first stomach, or paunch, was the only part of the 
contents of the abdomen that appeared in view. Towards the 
left side it was quite smooth, hut towards tlie right it was 
irregular, and wrinkled in such a manner, as to show that 
there was a collection of cells at that place. It was evident 
to the feeling, tliat these cells contained air, hut no part of the 
solid food with which the general cavity was distended. More 
cells were noticed in the posterior and louver part of the cavity, 
and these felt as if filled with fluid. To ascertain this, an 
opening was made, and about a pint of water, of a yellowish 
colour, but unmixed with any solid matter flowed out. 

The first cavity was now carefully laid open on the left 
fflde, to avoid interfering with these cells, and the solid con¬ 
tents were all removed. It was then observed that the water 
contained in the cells ^f the second cavity was quite pure, 
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while that in the cells of the first was tinged by its solid co% 
tents. Ko part of the solid food, however, had entered these 
cells, nor was any of it found at all in the second cavity: these 
cavities having their orifices so constructed as to prevent the 
food from entering them, even when empty, , 

On measuring the capacities of these different reservoirs in 
the dead body, they were as follows: 

The anterior cells of the first cavity were capable of con¬ 
taining one (][uart of water when poured into them; the pos¬ 
terior cells, three quarts. One of the largest cells held awut 
a wine-glass full: and the cells of the second cavity about four 
quarts. This, however, must be considered as much short of 
what these cavities can contain in the living animal, since there 
ore large muscles covering the bottom of the cellulai; structure 
to force out the water, which must have been contractedimme- 
diately after death, and by that means had diminislied the cavi¬ 
ties. By this examination it was proved, in the most satiafiEWi- 
tory manner, that the camel, when it drinks, conducts the 
water in a i)ure state into tlie second cavity ; that part of it 
is retained there, and the rest runs ovlffr into the cellular struc¬ 
ture of the first, acquiring a yellow colour in its course. 

This confirms the account given by Buffon, in his exami¬ 
nation of the camel’s stomach, as well as that of travellers, 
who state that when a camel dies in the desert, they open the 
stomach and take out the water that is contained in it to 
quench their thirst. 

It appears singular, that after this fact was so clearly de¬ 
monstrated, and so explicitly stated, M. Rudolphi, a conti¬ 
nental physiologist of great distinction, should advance tlie opi¬ 
nion that the liquid found in the cells of the camel’s stomach 
was not the water swallowed, but a certain watery secretion 
made from the sides of the stomach ; and that on no better 
grounds than that he believed such to be the case in a plant 
{^Nepenthes dMllatoria), in certain receptacles of which a like 
watery matter is found. It only shows that ingenious men 
sometimes take great pains to go wrong, and that the labours 



94 


tmtcsnoK. 


«f otir Eagjlirfi phyilologifits are jiot saffioiently ttudiad or 
ippreoiated by tbdr oontineiital brethren. 

That the second cavity in the camel contained wator^ 
had been generally known: but by wliat means the water 
waB kept separated from the food, so as to be sufficiently 
pure for drinking, had not been ascertained. Neither 
was H known, as the second cavity was evidently merely a 
leceptade for liquids, by what means the offices of the second 
cavity in homed mminating animals were provided for. These 
offices, it will he remembered, W’ero to receive the food after it 
had been macerated in the hrst stomach, to supply it with 
moisture, and mould it into pellets fit to be sent up through the 
gullet for a second chewing. A view of the first stomach, as it 
appeared when laid open, will explain these points. 



First Stomach of the Camol, together \tiih opoaing of second Stomaoh. 

Now in this cut we observe*, that from the tennination of a, 
the gxillet, run two strong muscular bands; the one of which, 
is continued quite ot'ross the paunch, making a sort of 
partial division, while the other, runs only as &r as the 
caning of the second stomach, d, and turning sliort to the 
light, passes through its upper part, aud terminates at the 
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of tile ihizd atozneoli. Beyottd the f^penhig of the 
eeoond stomaoh, we oheeire a oertain mmbw of tga M v e ra e 
xaosoular bands mnning from the great hnigitudmal ridge, b, 
and giaduallj losing themselves on the sides of tiie stomaoh. 
They are crossed by others, so as to form tiiemselves into oells, 
each capable of admitting water, and, by coq^mcting their 
orifices, of preventing the entrance of solid food, i^bnilar ceUa^ 
hat smaller, arc observed at jb, the right ride of the cavity. 



Second, third, and fourth htomacha of the CameL 

a opening from first to second stomaoh. 

second stomach; c third stomach. 

«i e fourth stomach, partially separated hy a odntraotioo. 
f the duodenum, or oonunencoment of the intestliiea. 

The structure of the second stomach is also of this cellular 
nature, except a smooth passage on its upper part, continued 
filong the side of the muscle c, and assisting it in conveying the 
food to the orifice of the third. It is clear, then, that food 
coming along the gullet will, when matters remain as at pre¬ 
sent, drop into the great first cavity. But the muscles b and c, 
being under the command of the will, the animal, when it 
drinks, can cause them to contract towards each other, by 
which means the canal between them is narrowed and con¬ 
verted almost into a tube, that conveys the liquor direct from 
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the extremity of the gullet into the second cavity; and whei^ 
the cells of this cavity ore full, the rest runs off into the cells 
F of the first cavity immediately below, and afterwards into 
the general cavity. We are now prepared to answer the 
question, How is the food prepared for reguxgitaitpn? When 
first swallowed, it is received in the smooth part of the paunch; 
firom this it is gradually transferred, after maceration, &e., to 
the cellular part at f. Here it is supplied from the cells with 
the necessary moisture, formed into pellots, a]pd being situated 
exactl}’^ at the bottom of the canal b c, is by a slight muscular 
effort thrown into it, and thence cemveyed along tl|.e gullet up 
to the mouth. We also see, that when these cells are empty, 
they can readily receive a fresh supply from the second 
stomach, which is situated just over them; and this explains 
the mechanism that enables the camel at one time to take in 
water enough for several meals, to supply it to each at the 
required time, and in just proportions, and to preserve it pure 
and unmixed with its food, until the necessity calls for it. But 
we have not yet seen all the uses of our muscular bands. The 
food is in the mouth; it has undergone its second mastication, 
and is now to ho swallowed again. The bonds contract them- 
selves into a tube, but c contracts also in its length. By this 
It draws forward the opening of the third stomach, c, into the 
second, 5, closes the muscular bonds that separate the cells in 
this latter and enables the morsel to pass over them into the 
third, which in the camel being very small, soon transmits it 
into the fourth, d, where digestion finally takes place. 

The 01 ^ thing that now remains to be observed respecting 
this, is the nature and structure of the cells; and Mr. Clift’s 
vefy excellent sketch leaves us nothing to desire on this point. 

Here ▲ represents part of the long muscular ridge that tra¬ 
verses the entire stomach; b the transverse muscular bands 
that run firom it, and which, being cut at right angles by other 
boodi^ form the cellular cavities. It is evident, that by their 
eontiaotion the mouth of the cells would he closed, while the 
contraction of the muscular fibres which we perceive running 
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at the bottom of the cells -would teod to make them shallow, 
and so discharge the water they might contain. But we would 



more particularly wish to draw attention to the close similarity 
ohifervable between this and the magnified view of the mode 
in which the muscular fibres of the hyinan stomach intersect, 
as sliown at page 71, 

.Tliis illustrates an observation often made, and which, 
indeed, there are many things tending to confirm, viz., that 
classes of animals seem framed after a certain model or design, 
certain parts of which are developed in some species, and the re¬ 
maining parts in others: the rudiments, however, of all these 
parts are to be found in all the animals of tlie class, even where 
we cannot conceive their existence to he of any possible use, 
except as showing the type. % 

This doctrine, though ingenious and probable, 5 b by no 
means supported on a sufficient number of observed facts, to 
enable it as yet to rank as an established general truth. It 
w'ill immediately recall to the recollection of the classical 
reader Socrates’ doctrine of Arch^ypes, more fully dilated on 
by Plato; and it is sufficiently interesting to observe how a 
trutli has been at remote periods almost reached by the raya 
of knowledge, and then laid for centuries in the shadows of 
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igfioasBce; how HippoeittteB obscurely propoundB the doctrine, 
thedemonfitrationof which has immortalissed Hairey, and how 
a passage in S«ieca has seemed to many almost prophetic of 
the discoveii«i ofCJcdnmbus*, 

On u comprehes^Te view, then, of the lAcMmachs of the ox 
aiid the caxSel, it appears that In the ox there arc three 
stomachs fbmied for tiie prepamtion of the food, and one for 
its digestion. In the camel there is one cavity fitted to answer 
the purposes of the first two in the ox; a second employed as 
a reservoir for water, living nothing to do with the preparation 
of the food; a third, so small and simple in its structure, tliat 
we can scarcely attribute to it any particular office, except as 
a sort of ante-chamber to the fourth, which is the true stomach, 
and that in which digestion takes place. 

In the stomachs of ruminating animals, the processes wliich 
the food undergoes before it is converted into chyme, are more 
complex than in any others. It is cropped from the ground by 
the foro-teethj* then passses into the paunch, where it is mixed 
with the food in tliat cavity; and it is worthy of remark, 
that a certain portion is always retained there; for although 
a bullock is frequently kept without food seven days before 
it is killed, the paunch is always found more than half full; 
and as the motion in that ciivity is known to be rotatory, by 

* It httB been suggested that a aViort ('xplanation of tlicao allusions may Tk) 
ttoeessfiry. Tlie dootrine of Archetypes was, that previou.-" to the existence of 
the world, and beyoiul its present limits, there existed rert.ain Archetypes—tho 
embodyment (if we mn>' use such a word) of general ideas; and that these 
Arclietyiies were models, in imitation of which, all particular beings were 
creati;fl. Tlius that the general idea or iniiige «•; a man had a real existence, to 
which all individual men boro a resembla’ico. The passage in ficnecaifl the 
well-knowii one in hxs M’^dca ,—Act iii. v .I7:i, 

\'-'nieiU aiinis 
Stpcula seris, quib-i", uceanua 
Vincularcruin liixei et ingens 
Pateat tellus, Typhisque novus 
I)etcgat orhes; nec sit tcrris_ 

Ultima Thule. 

Which means that *' m future years a iicriod shall come when the limits of the 
world shall be extended, new lands discovered, and Thule no longer considered 
the remotest r^non of the earth.’* 

For the passage from Hippocrates, see the Chapter on the Circulation of 
the Blood. 
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the hair^balk found theipe being all spherical or otsI, with 
hairs laid in the same direction, the eontenta must he iniir- 
niately mixed together. T^ie food is also acted upon h^ the 
secretions belonging to the first and second cavities, for 
although they are lined with a cuticle, they have secretions 
peculiar to themselves. These secretions are Ascertained by 
Dr. Stevens’ experiments to have a solvent power in a slight 
degree, since vegetable substances contained in tubes were dis¬ 
solved in the paunch of a sheep. 

Tile food thus mixed is returned into the mouth, where it 
is masticated by the grindiug-tceth; it is then conveyed into 
the third cavity, and after a short delay here, is transmitted to 
the fourtli. The changes which are produced on the food in 
the thre(> firet cavities, are only such as are preparatory to 
digestion; it is in tlie fourth alone that that process is carried 
on. The upper portion of this stomach is furnished ynl^plioop, 
or folds, and answers to the cardiac portion of the human 
stomach. The gjistric glands pour out thdir solvent fluid liere, 
and act on tlie food; and it is from thq presence* of these glands 
in the stomachs of different animals, that their existence in the 
liliman stomacli has heen inferred. In the upper part of the 
fourtli stomach of tlio deer, small orifices arc seen in the inter¬ 
nal membrane, leading to cavities which appear to he the 
ojxniing of tliese glands. In the lower poilion, the formation 
of chyme completed. It terminates at the j^loi'us, which 
separates it from the intestines. In some of the wliale trihe 
them M ould apjiear to he a still greater complexity, as w(‘ find 
!Mv. Hunter describing five, and even seven, stomachs in these 
animals. But, in truth, they are to be looked on as so many 
])ouchcs or diviraons of one cavity, rather than as separate or 
distinct organs; neither is there sufficient diversity in their 
functions to entitle them to this latter consideration. 

Those singular animals, the omithorhynchiy brought from 
the New Contment, afford, in their digestive organs, the link 
that connects the stomachs of quadrupeds with those of birds. 
And, as if they were in cvciy' respect to contradict our jirecon- 
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ceivedjdeas, we find the gastric glands in them congr^ted 
about the pylorus, Instead of occupying the cardiac extremity 
of the stomach, as in other animals. An idea of tlie gradation 
may he had from this sketch. 


, rig. 3. Fig. 9. 



Uark. OB^c^■KKo^’l 8, on Cai'k Ant Eatpii. 


Fig. 6. 



OBX1THORHTNCHD8, OR DUCK-BILLKD ANIMAL. TuAK&Y. 

This scale scarcely requires explanation. In each of the 
figures, a is the gullet, d the duodenum, h the cardiac portion 
of the stomach, c its pyloric portion. In the three first figures 
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we see ho^ the cardiac portion swells more and more to the 
left of the gullet, as the food, being less digestible, requires to 
be longer detained. The three following figur^ show well the 
gradation between mammaXia and birds, in which we should 
chiefly observe the approximation of the two orificeS of the 
stomach, so that at last they appear to meet fit a common 
point. 

Another circumstance worthy of note here, is the accurate 
relation preserved between the form of the stomach and nature 
of the teeth. In the lynx (No. 1) the teeth are in great per¬ 
fection, the incisors, the fangs, and the grinding-teeth being all 
present and well developed. In man (No, 2) the three kinds 
of teeth are also to be found, hut of smaller size, the fangs having 
dwindled into eye-teeth, as they are no longer intended to be 
tlie means of catching and killing prey, and the grinding-teeth 
being somewhat flattened and modifled to suit the admixture 
of vegetable with animal food. In the hare (No. 3), and other 
gnawing animals, the fangs are quite gone, nothing remaining 
hut the long incisors in front, and the grinders behind. It is 
true, that at a late meeting of the Academic des Sciences, M. 
Geoflroy St. Hilaire pro{)osed considering the front-teeth of the 
rodentia us canine rather than incisor-teeth, but this was merely 
in consonance with u theory of his owm, besides, it is indifferent 
to our present argument what tliey may be called. In No. 4, 
the orycteropus, or Cape ant-eater of Pennant, the teeth ai*e 
still further reduced, there being neither incisors nor fangs, Imt 
simply six grindii^-teeth on each side in each jaw, and those 
of a very imperfect kind, having no distinct root or crown, and 
resembling small cylinders perforated with minute tubes. The 
imperfection Is still greater in tlie duck-billed platypus (No. 5), 
wliich, in place of teeth, has merely two hard homy promi¬ 
nences towards the base of the bill at each side. Finally, the ^ 
beak of the bird (No. 6) is totally deprived of teeth, and a 
single glance at the scale will show how, as the oigans of mas¬ 
tication thus decline, the provision for retaining the food in 
the stomach becomes more complete, while a moment’s reflec- 
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tion will oofnvince us of the wisdom and necessity o( such an 
arrangement. 

The stomachs of birds, however, are distingnished from 
those of all mammalia, by being surronnded with an extremely 
strong c8at of muscular fibres, and lined intemally, at least in 
snch as feed *^011 grain, with a hard horny structure. This 
species of stomach, commonly named gizzard, is admirably 
suited for supplyii^ the place of teeth, which, it is well known, 
are wanting in birds. The gullet, before arriving at the gizaard, 
generally expiuids itself into a large pouch, termed the crop. 
In this the food undergoes a sort of maceration, and is mixed 
with the juices which it contains pretty abundantly. It Is 
then transmitted to the gizzard, passing in its way over an 
abundance of gastric glands, which pour out their secretions 
on it as it passes. Arrived here, the powerful muscles of the 
gizzard contract; they grind the food, press it in every direc¬ 
tion, and break it small by the assistance of numerous small 
pdbbles, which rthe instinct of the animal directs it to swallow. 
Yet some people tell us that fowls swallow pebbles from mere 
stupidity] Any grains which escape this bruising process 
cannot be acted on by the solvent fluid, but are evacuated 
undigested. Now in most birds that feed on vegetables, the 
opening from the gizzard into the intestines has no valve to 
prevent the contents of the cavity of the gizzard, when full, 
from escaping into the intestines without undergoing digestion. 
This will be understood at once by refemng to our last plate, 

% where we see, that if the gizzard was full, any additional 
food taken in might at once pass from a, the gullet, to d, the 
intestine, without getting deeper tlian the very entrance of the 
stomach, and so without being submitted to its proper action. 
Here then, say some, is a manifest waste of food for want of a 
proper provision for retaining it. But, in the first place, the 
waste can only take place wlien thei'e is a superabundance of 
food, as it is oifly the overflowings of the stomach can pass off 
in this way; and secondly, so far is it from being a usa/m 
waste, that this is one of the mesm appointed foit the dissumi- 
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nation of plants ever extensive tracts of country, and for trans* 
porting them to eoral-banks, and newly-formed islands, whezui^ 
otherwise, we could scarcely say how vegetation should coxa'- 
mence* It is also to be remarked, that the growth of grain ia 
much accelerated by having undergone this process, which is 
something analogous to what farmers do when they steep their 
wheat previous to sowing it. The liaws, or berries of white* 
thorn, require being buried in the earth for a year before they 
are fit to be sown; but if turkeys are fed with them in the 
autumn, and ihe dung is sown, the plants begin to vegetate in 
the following spring. 

The crop is generally situated at the bottom of the neck, 
or in front of the breast, and every one may have observed the 
fulness in that part after a fowl has made a good meal. In 
some birds, however, the crop is situated much further back, 
even behind the breast-bone, close to the tail. This was first 
abserved by M. IlerLssant, a French anatomist, in the cuckoo, 
and he tliought he had, in this formation, .discovered the 
reason why that bird does not sit oii her eggs; for, as he 
argued, tlie crop being situated so far back, and just in the 
place which would cover the eggs in incubation, It would be 
most uncomfortable, when this was swelled with food, to have 
a prominence from within meeting a like prominence from 
without. This was very ingenious, but is another proof of the 
danger of drawing genersd conclusions from an individual fact. 
Further observations allowed that a like formation existed in 
birds that did sit on their eggs; Mr. Wliite found it in the 
fern-owl, and Blumenbach in the nut-cracker and other birds. 
<hi the other hand, Wilson found no such peculiarity of struc¬ 
ture in the cow-bunting of North America, which, like tljc 
cuckoo, leaves its eggs to the care of another. In reptiles the 
stomach is simple, in serpents thin and membranous, scarcely 
distinguishable from the cesopliagus, but provided with g 
powerfully solvent juice. In some fishes, such the mullet 
imd gillaroo trouty it is so muscular to have got the name of 
a gizzard. It is, however, distinguished from this, as Mr. 
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Hunter states, by vranting the peculiar cartilaginous or homy 
lining. The object of its strength is to enable them to break 
the shells of the small mollusca, on which they feed. The 
Stomachs of some crusiacea, as the crab and lobster, present the 
peculiaiity of being framed on a skeleton, and furnished with 
teeth, which ^e wanting in the mouth. Insects present this 
organ in all the before-mentioned varieties; the earwig rivals 
the crust€icm in having the upper orifice of its stomach fur¬ 
nished with a double row of teeth; and the mole-cricket 
resembles the ruminants, in having no less thah four distinct 
and separate cavities. ' 

But we must return to our most important subject, the 
human stomach, and consider some points connected with it, on 
which we have not yet touched. These are the sensations of 
hunger and thirst, and the kinds of food most suited for our 
use. 

Hunger has been very differently explained. Some ascribe 
it to an uneasiness arising in the stomach from its being empty 
and unoccupied; otliers to the rubbing together of the internal 
coats of its opposite sides; others to the dragging of the liver, 
now no longer supported by a full stomach; others te the 
action of the gastric fluid on the coats of the stomach. This 
last theory seems most favoured by Dr. Wilson Philip, who 
adduces, in support of it, the following case. “A person was. 
induced to remain four-and-twenty hours without food, and 
then, in place of indulging Ins appetite, to provoke vomiting, 
A quantity of a clear, glairy fluid was brought ofl^ which was 
presumed to be the gastric juice, and the person no longer felt 
any desire to eat.” But the gastric juice can only act on the 
coats of the stomach hy its bulk, or its chemical properties. 
The former clearly is not the cause of hunger, as then a person 
would be most hungry when the stomach was most full; and as 
ibr the latter, we have 8ho\^’n alwve that gastric juice can only 
act on dead matter. Besides, many persons lose their appetite 
when the regular time of their m6al is past, though we cannot 
suppose that at the some time the gastric juice has disappeared 
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from their stomache. [Dr. Beamnont, however, denies that 
the gastric juice is secreted, except upon the application of food 
or some other 8UmuIu8.J Neither is the mere sense of empti> 
ness sufficient to account for the feeling of hunger, which we 
know b increased by the application of cold to the suiihce, and 
instantly by swallowing cold liquids. The explanation by 
friction is equally unsatisfactory; because friction, if it does 
really occur, cannot be greater than that of the sides of the 
stomach against its contents immedbtely after a meal, when 
the oigon b ill great action, but at which time hunger does not 
exist. Hunger has been attributed also to a sympathy of the 
stomach with a general feeling of wont in the system. But 
hunger is removed as soon as a due proportion of food has been 
swallowed, and long before it is digested, and carried into the 
general system. Thus fowls are satisfred when their crops are 
filled, although their food is not even ground preparatory to 
digestion until it reaches the gizzard; and ruminating onimab 
cease to collect fresh food before they begin to ohew that with 
which their stomachs are distended. From these considerations 

a 

Dr. Elliotson supposes that hunger may be a sensation con> 
nected witli the cowtraxted state of the stomach. We know 
that as the stomach becomes empty, it contracts, not by the 
falling in of the sides, but by the regular action of its circular 
fibres. It always then maintains its cylindrical form, and we 
have had occasion to see this remarkably exemplified in some 
cholera cases, in which the stomach was so shrunk in as to 
resemble, at first sight, a ]>ortion of the small intestine, yet was 
its form preserved. Dr. Elliotson further supports his opinion, 
by the observation that such things as we may suppose to 
increase the contraction, also increase the appetite. Thu« a 
draught of cold liquid, which cannot but contract the stomach, 
and corrugate its inner coat, increases hunger; and acids, bitters, 
and astringents, have the same effect, and from their nature 
may be supposed to act in the same ^ay. Again, it is dimi- 
nislied by heat, and everything that relaxes. It ceases as soon 
as the stomach is filled, no matter whether the substances used 
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be nukitive or not. The Otomacs, during the periodical imuir 
dariktns of the rivers of South America^ when tlie d(^)th of the 
craters almost entirely prevents &hing» appease their huagei; 
for two or three months, by distending their stomachs wi^ 
prodigiohs quantities, a pound and upwards in the day, of a 
fine, unctuous, strong-smelling, yellowish-gray clay, slightly 
baked, and destitute of all organic substance, oily, or iarinaoeous* 
The Kamtschatkans sometimes appease their hunger by dis¬ 
tending their stomachs with aaw'-dust, for the want of some¬ 
thing better. This, however, we know now to ’iipntain some 
particles capable of being digested. 

On the whole, no single cause seems as yet suifieient to 
account for all the facts connected wdth hunger, Wc must, 
perhaps, look to a combination of sevenil of those we have 
mentioned, and, above all, acknowledge the powerful influence 
of habit and the nervous system. The fequirs and dervises, 
who are, by their vows, obliged to long fasts, blunt the sensi¬ 
bility of the nerves by the free use of opium and tobacco, 
which they find to diminish the pangs of hunger. The same 
object is attained amongst some tribes of northern Asia by 
a girdle braced tightly over the stomach, and laced behind with 
cords, drawn closer as the uneasiness increases. Some attribute 
this to the principle on which pressing on a limb lessens the 
commanication of pain from its extremity: Dr. KUiotson 
accounts for it by the fact, tliat a tight bandage diminishes the 
pain arising firom strong muscular contraction; and this, we 
have shown, is the mode in which he accounts for hunger. 

Thirst is a still more imperious call thou hunger, and is 
much less patiently endured- The blood as it circulates is con¬ 
stantly pouring out its watery particles in the fonn of perspi¬ 
ration, exhalation from the lungs, the saliva, the secretions that 
moisten the serous membranes, and many other such ways. 
As it parts with these, its saline particles become more concen¬ 
trated, the blood itself more stimulating, the Jaws and throat 
become parched and dry, and we are thus admonished that a 
further supply of drink is necessary to the system. The use oi 
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salted food hurries the demand for this in two wa}?8, both by 
increasing the quantity of saline matter in the circulation, and 
by stimulating the salivary glands so strongly, as to produce too 
copious a flow of that liquid, which is thus socmer exhausted* 
A traveller exposed to the scorching heat of summer,‘finds it 
advantageous to mix spirits with his W'ater, wBfleh by itself 
would not suffice to produce that trecretion from the salivary 
and mucous glands necessary to moisten the mouth. And, on 
the same principle, for persons aft'ected with fever, in whom, 
Imn the st(^^l|utge of the secretions, the thirst is very intense, 
the physician directs either the suspension of some sapid or 
farinaceous matter in the drink, toast-water, barley-water, &c^ 
or the mixture of an acid, lemonade, imperial, and the like. 
Violent paswons that totally destroy the desire for food, on the 
contrary increase tliat for drink, lioge and terror dry up the 
mouth and throat, and cause violent thirst; and the worthy 
Vicar of Wakefield, when his son Dick was reciting the elegy 
on the death of a mad dug, called to his wife«for a bottle of 
goMelwrry w’ine, adding as a reason, ‘^‘■Jb’or grief, you know', 
Deborah, is dry,” 

A singular proof of the influence which agitating passions, 
have in the suppression of the salivary secretion, is thus men¬ 
tioned by Mr. Anuesley, in his admirable work on the Diseems^ 

** The secretion of the saliva seems to be under the influence 
of the same mental emotions as aft'ect the flmctions of tha 
stomach. Fear, anxiety, and various other depressing passiom^ 
dlminiBh digestion, and, most probably, produce this eftect, by 
stopping the secretion of gastric juice. Observation shows ua 
that they have a decided influence in lessenii^, or even in 
entirely arresting the secretion of saliva; a circumstance not 
unknown to the observant nations of the east. In illustration 
of this, it may be mentioned that the conjurers in India often 
found, upon this circumstance, a mode of detecting theft among 
servants. When a robbery has been cranmitted in a family, a 
conjurer is sent for, and great preparations are made, A few 
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days are allowed to elapse before he commences his operations, 
for the purpose of allowing time for the restitution of the stolen 
property. If, however, it be not restored by the time fixed, ho 
proceeds with his operations, one of which is as follows. He 
causes quantity of boiled rice to be produced, of which all 
those suspected must eat; and after masticating it for some 
time, he desires them all to spit it upon separate leaves, for the 
purpose of inspection and comparison. He now examines this 
masticated rice very knowingly, and immediately points out 
the culprit, from observing that the rice which he has been 
masticating is perfectly dry, while that which was masticated 
by the others is moistened by the saliva.” 

The length of time during whicli perfect abstinence can be 
borne, without death following, is not well ascei-tained. Indeed, 
we may wonder that men have attempted to fix any particular 
period, unless tliey could firat show that digestion and assimi¬ 
lation were equally rapid in all. The effects of a protracted 
abstinence are^ a diminution of the size of the body, and a 
prostration of strength, whicli soon become apparent; discolo¬ 
ration of the fluids, especially the blood; suppression of all 
discharges from the bowels though those from the kidneys 
continue, and it is remarkable that they arc increased if the 
body be frequently drenched with water; extreme sensibility; 
sleeplessness; intolerable thirst; painful sensation in the Vegion 
of the stomach; these, liowever, cease after a few days, leaving 
only a weakness and sense of sinking. But a material alteration 
in the mind is also taking place. Imbecility firat comes on; 
this is succeeded by ferocity. Each looks with horror and 
aversion on his fellow-sufferer. Men become wild, quarrelsome, 
turbulent, regardless of ’^licir own fate and that of their neigh¬ 
bours. Reason yields her seat: idiotcy follows verocity; or, 
delirium coming on, the sufferer dies raving mad. It is only 
this can account for the horrible atrocities committed in such 
cases. Tlie shipwrecked sailors, in the extremity of starvation, 
draw lots which shall die to feed the rest; women, pressed by 
the same feeling, liave devoured their own children, as we read in 



D10B8T10N. 


109 


Josepliti^ happened at the siege of Jemsalem; and in Holy Writ, 
when Ben-hadad besieged Samaria; and Captain Franklin was 
assured, in his journey to the Polar^Sea, ‘*tlfat men and women 
are yet living, who have been reduced to. feed upon the bodies 
of their own family, to prevent actual starvation; and a 
shocking case was cited to us of a woman who liad been prin¬ 
cipal agent in the destruction of several persons, and amongst 
the number, her husband and nearest relatives, in order to 
support life.” 

The strong and robust die the soonest from want of food, 
for in them digestion is most powerful; and from the enei^jy 
of all the vital functions the supply is most quickly ex¬ 
hausted. The knowledge of this fact, for which he was pro¬ 
bably indebted to Hippocrates, has enabled Dante, true to 
nature, in his thrilling episode of Ugolino, to depict the father as 
perisliing the last, after having witnessed, in all the agonies of 
rage and despair, tlic sufferings and death of his four sons who 
were imprisoned with him. Tlie opinion that this order w'as 
not accidental or poetical, is strengthened by his making the 
father die on the eighth day, the very period at w'hich Hippo¬ 
crates declares abstinence to be iiecessarilv fatal. That it was 
not an actual description of what did occur, is also certain; for 
Morgagni tells us, that when this unfortunate family had been 
shut uj>, the keys of the prison w^erc flung into the Amo, that 
no one should witness or assist at the heart-rending spectacle 
of their mortal agony. 

A tradesman, impelled by a succession of misfortunes, re¬ 
tired to a sequestered spot in a forest in Germany, and there 
resolved to starve himself to death. He commenced putting 
his determination in force the 1.5th of September, 1918, and 
w’as found eighteen days after, still living, although speechless, 
insensible, and reduced to the last stage of debility. A small 
quantity of liquid was given him, after which he expired. By 
his side w'as found a pocket-book and pencil, the former con¬ 
taining a daily journal of his state and sufferings up to the 
^h of September, four days before bis death. He had con- 
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ctmct^d a little htit ef bushels and leaves. Gn the 17th of 
September he complained of imfFering irom cold; on the IStli 
his thirst was so ititolerabTe tliat, to appease it, he licked some 
dew trom the suiroimding T^tables. On the 20th he found! 
n smalf coin^ and with difficulty reached an inn, where he 
purchased some beer; the beer failed to quench his thirst, and 
his strength was so reduced, that he took three hours to ac¬ 
complish the distjmce, which was but two miles. On the 22nd 
lie discovered a spring of water, but, though tormented with 
thirst, was obliged to forbear drinking, from the agony the 
cold water caused in his stomach, exciting vomiting and con¬ 
vulsions. The 25th made ten days since he had taken any 
thing, except heer and water. During that time he had not 
slept at all. On the 26th he complained of his feet being dead, 
and of being distracted bv thirst: he was too weak to crawl to 
the spring, yet being di'cadfully susceptible of sulfering. The 
20th of September w'as the last day on which he made a me¬ 
morandum. 

Tlie most extraordinary cases of protraettid abstinence have 
been met wntli in weak and infirm women, living in obscurity 
and inaction, and in wdiom life, nearly extinct, just showed 
itself in a scarcely perceptible jmise, and a slow' indistinct re- 
si>ir;'ition. One of the best authenticated of tliese is, tliat of 
Janet Mficleod, published in the PhiloaopJiioal TraTisactions for 
1777, and certified by Dr. Mfwikenzie, the physician who drew 
up the reptui;, and by the sheriff dojnitv and other magistrates 
of ilosa-sliire. The girl liad l)c-en Ju'iiltliy until tlic jige of 
fifteen, wdien epilejitic fits and fever reduced her to tlic lowest 
state of de1»ilit}'. Her appetite gradually diminislied, until at 
last shel’efusodall kind of sustenance; licr jaw's became closel}’’ 
locked, so that it became necessary tliat her father should open 
them wdth a knife, when they attempted to make her swallow 
anj'tliing. It was, however, in vain. She constantly rajected 
whatever was offered to he put into her mouth; and fium 
WliittAmtide, 1763, for a period of four years, they never could 
ascertain tliat anything jiassed down her throat, except a pint 
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of water, which she drank once at a draught, and a te]y 49 niall 
quantity of water, Irom a mineral spring in the neighbtmrbood, 
with which they filled her month^ at another time. During 
this period she generally lay on her side without moving, her 
eyes closed, her pulse beating fidntly, her legs contracted, and 
bent backwards and upwards. Towards the en^ of the fifth 
year her jaws became unlocked, she appeared a little more 
lively, and partook occasionally of a small quantity of oaten or 
barlcy-cake, crumbled, in the hollow of her hand, and moist¬ 
ened with milk. She was able to leave her bed, but the 
account does not proceed so far as to say whether she ever 
reached any degree of liealtli and stiength, 

Ciuses of enormous gluttony have been most common in the 
other sex. At the age of seventeen, Tarrare, a Frenchman,, 
bom at Lj’ons, was able to eat a quarter of beef in twenty- 
four hours. Having left his par(mts, and travelled towards 
Paris, sometimes begging, and sometimes stealing, he attached 
himself tlien to a show, and soon gained grftit celebrity by 
devouring a huge basketful of apples, for which one of the 
spectators had iindertfiken to pay, and afterwards swallow¬ 
ing a (|naiitity of flints, corks, and other sUch substances. 
Being admitted into the Hdtel-Dieu, on account of violent 
colics brought on by these tricks, he was narrowly prevented 
swallowing the ’watch, chain, and seals of M. Giraud, the 
hous('-surgeon. At the commenceracmt of tlie revolution he 
joined the mob, and procured, by this means, enough food. 
When the war broke out, he entered the amiy. His com¬ 
rades, having at first tlic means of procuring themselves better 
food, allowed him to devour their rations; but this did not 
last long, and Tarrare, nearly famished, fell ill, and -wtis ad¬ 
mitted into the hospitiil at Sulzer. Here he was recognised by 
M. Courville, who had formerly seen him at the HOtel-Dieu, 
and who now took him under his charge for the sake of ob¬ 
serving so si)igular a case. He had a fourfold allowance, but 
not content with that, proceeded to eat up what was left by 
the other patients, the waste of the kitchen, the poultices, and 
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every thing that came in his way. He devoured dogs ana 
cats, until, as M. Percy assures us, they fled at the sight of 
him. In the presence of M. Lorenze, physician-general to the 
army, he seized a laige cat alive, by the throat and paws, tore 
open its belly with his teeth, sucked its blood, and devoured 
it, leaving nolhing but the skeleton. In a few hours after he 
threw up the fur, just as birds of prey do. Large snakes he 
was fond of, and despatched them with the greatest fecility; 
and one day he gobbled up, in a few minutes, all the dinner 
prepared for fifteen German labourers, which consisted of four 
bowls of curd, and two immense dishes of dough boiled in 
water with salt and fat. 

It occurred to M. Courville that he might be made useful 
in conveying letters requiring secrecy, when there was danger 
of their falling into the hands of the enemy. He proposed to 
him to swallow a lancet-case, in which he had placed a sheet 
of white paper. This Tarrare readily did, and returned the 
case next day ^cith the paper unsoiled. He was now taken 
before the general (Beauhamois), in whose presence he swal¬ 
lowed thirty pounds of raw liver, and afterwards the case, in 
which the general had placed a letter to one of his colonels 
that had been taken prisoner. Tarrare was not very fortunate 
in this embassy. He was caught by a Prussian outpost, and 
as nothing could be found on him, was beat as a 8j)y, and im¬ 
prisoned for about thirty hours. Disgusted with this unhand¬ 
some treatment, he declared, on his return, that he wished to 
be cured of his omnivorous propensities, and accordingly was 
readmitted into the hospital, where opium, tobacco, and various 
other remedies were tried without success. His insatiable 
appetite still continued, and he w'as in consequence obliged to 
have recourse to the most disgusting means of allaying it. 
Sewers and slaughter-houses were ransacked; he disputed 
their prey with the dog and the wolf; and at last strong sus¬ 
picions of cannilmlism caused liim to be driven from the camp. 
From this time he was not heard of until four years after, 
when M. Percy found him at the hospital of Versailles in the 
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}»st stage of a cpnsuxQption/. no longer ypradcms, but^ weak^ 
yrastod, and labouring under a purulent diarrhoea. He shortly 
died, and his body almost immediately became a mass of 
putridity. 

He was of the middle height, thin and weak. Hitf cheeks 
were wan and furrowed^ and when distended enabled him to 
concOal in them ten or twelve good-sized eggs or apples. This 
approadh. to the cheek-pouches of bats, apes, hamsters, and 
other ravenous animals, deserves notice. On being opened, his 
stomach was found to be of an immense size, and, as well as all 
the intestijies, in a state of suppuration. During life he was 
always offensive, hot, and in a sweat. When he had eaten 
but moderately, he wos able to wrap the skin of his belly 
almost round his body. After a full meal, he used to retire to 
a corner, and fall into a brutal state of insensibility. 

The principal facts of this case may be considered illustra¬ 
tive of most cases of excessive gluttony, so that we need not 
add any more*. But a remarkable instance .of the power 
■svliicli the btoinacli has of preserving i^if from the injuries of 
ibrcign bodies, is found in the following singular account of a 
man who lived ten years after having swallowed a number of 
closp-kniA cb. To render it still more interesting, w'e shall 
quote Uic description drawn up by the man himself, while in 
(jJuy’s Hospital, and read, after his death, to the Medical and 
CliirurgiciU Society of Loudon, by the late Dr. Marcet. It is 
headed, 

Narratioe of John Cummins, drawn up hp himself .— 
miraculous recovery of a seaman, who swallow’cd a number of 
knives at three different times, as you see in tins little book.” 

The little book begins by informing us, that in the month 
of June, 1799, he and some of his shipmates, being at Havre, 
went into a tent and saw a man swallow a knife, for which 
sight they paid a livre each. On their return to the ship, they 

• In the third volume of the Trantaettont qf Vie Royoi Asiatic Society ieaa 
account hy Major General Bardwicko of a Hindu, who, in his own presence, 
ate up an entire sheep, and was said to find no difficulty- in finishing two at A 
singlo repast. 
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lok and to liiB^y the iomae part of the w 

fidbwst-^Afbflr drixkking very baearty, one of the oozapany 
epened Une atozy concerahig the above play-actors, which^ he 
zepeidedt ihat it tvas an extt^dinary affiur to swaUovv knirea. 

aoithee xnade ansvrer directly, and told him that he conld 
awaOeer knUew aa as <&ey could. The company present 
took notke of ^ shore anaww being made so quick, and far 
the curiosity of the einumstazice, made a serious inquiiy if he 
vtaa man enough to perfonn what he had already stated. Be 
did unt like to g» gainst his word, neither was he onxiouo to 
take the job iw* hand; but by having a good supply of grog 
inwardly, he took his own pocket-knife and tried it brst, which 
slipped devvn his throat with great ease; and by the assistance 
of some drink, and the weight of the knife, conveyed it into his 
stmoach. But still the spectators seemed not satished with 
(me, but made luather inquiry if he could swallow any more. 
He replied in a word, *AU the knives on Iward the 8hq>.* By 
this answer there were three more knives presented upon the 
table, which he swallowed in a few minutes, the same way as 
the former. And hf this bold attempt of a drunken man, the 
ooanpany was well entertrined for that night.** In the coume 
of two days after he passed three of the knives, but never 
could ascertain what became of the fourth. However, it never 
govs him any pain or uneasiness, “ and shortly utter he took 
his departvore from France, and never thought on swallowing 
any more knives for the space of six years; after which you 
@haU see as follows;**— 

Boston, March 13, 1305, was in company, where he gave 
his report of his succcs in swallowing knives in France, in 
•funo, 1799. Two or three o£ the company told him plain to 
his face, that it was impossible foi any man to do siieli a thing, 
imd that it was nothing but false report, which 1^ took it very 
highly afiironted; hut, after contddeiing a short time, told 
the company he was the same man still, and, if it was agreeable, 
that he would satisfy their curiosity. One small knife waa 
presented to him. which he swallow'ed instantly: in the coarse 
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cS th&i nigM h« BwaHiOired £▼» mor% which made tdx hi ali. 
Ifext momitig he bad a thoioMd vintom, but gave vmy 
liftw of them admittaikce. It bappcsied ia the ooum of that 
day that he swallowed eight more^ and six the night before^ 
whidi made fourte^; and that waa tibe 14ih the Smooth; 
so he had swallowed a knife ha every day the niowth was old« 
Hext mom&ag was the Idtb; he was taken very ill, with oon- 
stant voanitliig and pain in he stomach. Directly he was 
brought to Charketon Ho^tal, and betwixt that p^od -of 
thne and the 28ih following^ was safely delx^mred of bia eugo, 
and the whole of them are preserved in the infimary of that 
city.” His next fit of swallowing was brought on in nearly 
the same manner^ on board H. M. S. Isii^ December dth^ 1801$ j 
and in the course of that night he swallowed five knives. 

^ Next morning, being the 5th day of the month, the ship^s 
company were anxions to see the pcrfoimance renewed 
second time; by the encouragement of tho people, and the 
assistance of good gro^ (and his lot w'as or<huaed to be mice** 
table alter, in consequence of the same), he swallowed niaa 
that day to his own knowledge; and the spectators informed 
jiim afterwards that ho swallowed four more, that he knows 
nothing about: they were all clasp-knives, and some of them 
very largo.” Next day he was obliged to appJy to the surgeon, 
and continued for a long time an invalid, occasionally suffering 
much pain, which was always increased just before he passed 
parts of the knives. 

June 12th, 1807, he was discharged this ship in conseo 
qucnce of his complaint, and likewise being found at the 
survey unserviceable; atter which he was admitted into Guy’s 
Hospital, under the care of Dr. Babington, Great many never 
believed such a circumstance. After five weeks being in the 
hospital, was presented out, and was in lodgings for tlie space 
of five weeks; but finding liimself getting worse, was obliged 
to make the second ai>plication, and was re-admitted under his 
phyrician again.” 

There is little to be added to this jiarmtive, which was 

j2 



116 # 1>IQ£BT10N. 

found in the pocket of the unfortunate man after his decease^ 
but tliat he became gradually worse, and died, March 1809, in 
a state of extreme emaciation. On opening his stomach, 
between thirty and forty fragments were found in it, being 
evident^ pieces of handles, blades, and back-springs of knives. 
They are preserved in the Museum of Guy’s Hospital. 

Many disputes have arisen respecting the kind of food on 
which man should naturally subsist; but these disputes tend 
.to nothing, for man would be in vain adapted for living in all 
varieties of climate, were he not also capable of using gre&t 
variety of food. Thus many at present live solely on potatoes, 
dates, or other vegetables. The wandering Mooi*s have scarcely 
any other food than gum. The inliahitanta of Kamtschatka, 
and many other shores, scarcely any other than fish. The 
shepherds in the province of Caraccas, in South America, on 
the banks of the Oronoko, and even some tribes in Europe, 
live almost wholly on flesh. Some barbarous nations devour 
raw animals; some eat spiders, and different species of erusta- 
ceous and molluscous annuals. Many South American tribes 
eat clay as a luxury; the Guajeroes, on the west of the Rio 
de la Haclie, carry a little box of lime, as sailors do a tobnccot 
box; and German workmen at the mountain of Klffhonscr 
spread clay instead of butter on their bread, and find it very 
satisfying, and easy of digestion. 

The articles of diet generally employed by every nation 
and class of society are much determined by the facility with 
which they are procured. Animal food we find more used in 
cold climates, and vegetable in warm. A mixture of the two, 
however, is considered more agreeable, and, at the same time, 
better suited to our necessities. Dr. Prout reduces all the 
articles of nutriment used by the higlier animals to three 
classes; the saccharine, oily, and albuminous. The firet com¬ 
prehends sugars, stai'ches, gums, and some other analogout? 
principles; the second, oils, fats, alcohol, &c.; tlie third, other 
animal matters, and vegetable gluten, so abundant in wheat. 
He was led to this theory by observing that milk, the only 
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article actually furnished and intended by nature as food, is 
essentially composed of three ingredients, the oily, butter; the 
albuminous, curd, cheese; and the saccharine which is found 
in the whey. From this he was by degrees led to the conclu¬ 
sion that all the alimentary matters, employed bv man and the 
more perfect animals, might probably be rediicea to the same 
three general heads. And this conclusion has been favoured 

a course of experiments which he has since instituted. It 
remains to be proved whether animals can live on one of these 
classes exclusively, and Dr, Front seems inclined to deny the 
possibility of this. But he must have forgotten the fact men¬ 
tioned by Ilasselquist, of the caravan of Abyssinians, who, 
liaving exhausted all their provisions in the desert, would have 
starved, liad they not found among their merchandise a stock 
of gum, on which they subsisted for upwards of two months. 
There is no doubt, however, that the food used by us is, in 
general, a mixture of two, or all three, of those classes of nutri¬ 
ment; and the imitation of this mixture is the bbject of all our 
cookery and art in the preparation of opr food. ‘‘ Thus, from 
the earliest times, instinct has taught us to add oil or butter 
to farinaceous substances, such as bread, which are natur^y 
deficient in this principle. The same instinct has taught us to 
fatten animals, with the view of procuring the oleaginous in 
conjunction with the albuminous principle, which compound 
we finally consume, for the most part, in conjunction wdth the 
saccharine matter, in the form of bread or vegetables. Even 
in the utmost refinements of luxury, and in our choicest deli¬ 
cacies, the same great principle is attended to, and the sugar 
and flo\ir, the eggs and butter, in all their various forms and 
combinations, are nothing more than disguised imitations of 
the great alimentary prototype, milk, as presented to us by 
nature.” 

We have delayed long on the stomach and its contents, yet 
wc are very far from having exhausted so copious and inter¬ 
esting a subject. Our limits would warn us to conclude, yet 
we cannot do so without returning to the case of Alexis St. 
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Martin, detailed at page 81, for the pmpose of showing the 
practical bearing of Dr. Beaumont’s experiments as regards the 
food of man. We have stated that Martin’s stomacli, having 
been perforated by a musket-shot, healed, the aperture not 
becoming closed; and that, in course of time, a valve grew 
down over it, which completely retained the food, unless it was 
intentionally lifted up, in which case the food, at any period 
of its digestion, could be extracted and examined. This, of 
course, enabled Dr. Beaumont to ascertain, with much pre¬ 
cision, the relative digestibility of different kinds of food; and 
the following may be taken as a condensed view of the results 
of his experiments. 

Of Farmacea. —Rice boiled soft, was perfectly converted 
into chyme in an hour; a'lgo in one hour forty-five minutes; 
tapioca, barley, &c., two hours; bread, fresh, three hours— 
stale, two hours; sponge-cake, two hours thirty minutes. 

Of Vegetables, —Cabbage, raw, two hours thirty minutes— 
boiled, four hotirs (vinegar much assisted its digestion); pota¬ 
toes, roasted, two hours thirty minutes—^boiled, three hours 
thirty minutes; carrots, boiled, thiee hours fifteen minutes; 
beet, boiled, three hours forty-five minutes; turnips, boiled, 
three hours thirty minutes; beans, boiled, two hours thirty 
minutes; parsneps, boiled, two hours thirty-one minutes. 

Of Fruit, —^Apples, sour and hard, two hours fifty minutes 
—mellow, two hours—sweet and ripe, one hour thirty minutes; 
peach, mellow, one hour thirty minutes. 

Of Fisk and Shell Fish ,—Trout, boiled or fried, one hour 
thirty minutes; cod-fish, cured and boiled, two hours; oysters, 
undressed, two hours fifty-five minutes—roasted, three hours 
fifteen minutes—stewed, three hours thirty minutes; bass, 
broiled, three hours; flounder, fried, three hours thirty 
minutes; salmon, salted and boiled, four hours. 

Of Pmtbtrgy GamCy <SfC.—Turkey, roasted, two hours thirty 
minutes—boiled, two hours thirty-five minutes; goose, wild, 
roast, two hours thirty minutes; chicken fricasseed, two hours 
forty-five miuntes; fowls, domestic^ boiled or roast, four hours; 
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ducks, tame, roast, four hours—^wild, roast, four hours thirty 
minutes. 

Of Butchers* Meat, S^c, —Soused tripe and pig’s feet, fried or 
boiled, one liour; venison steak broiled, one hour thirty-five 
minutes; calf’s or lamb’s liver broiled, two hours; sucking 
pig, two hours tliirty minutes; mutton, broiled/ three hours 
—boiled, three hours—^roast, three houra fifteen minutes; beei^ 
fresh, broiled, three hours—^roasted, three hours—Slightly salted 
and boiled, three hours thirty-six minute—old, hard, salte^ 
four hours fifteen minutes; pork steak, broiled, three hours 
fifteen minutes—lately salted and boiled, four hours thirty 
minutes—stewed, three hours—^roast, five hours fifteen mi¬ 
nutes ; veal broiled, four hours—fried, four hours thirty minutes. 

Varieties, —Eggs, raw, two hours—^roasted, two hours fif¬ 
teen minutes—soft-boiled, three hours—^hard-boiled or fined, 
three hours thirty minutes; custard, baked, two hours forty- 
five minutes; milk, two hours; butter and cheese, tliree hours 
thirty minutes; suet, four hours thirty minute; oil, some¬ 
what longer; apple-dumpling, three bourh; while calf’s-foot 
jelly was digested in little more than hafiF an hour. 

Such are the principal of Dr. Beaumont’s facts, obtained as 
the means of numerous results: in many points they confirm, 
in others, differ from the tables of Doctors Paris, Prout, Wil¬ 
son Philip, &c. They all, however, agree, that venison is one 
of the most easily digested of meats, that wliite fowls are in 
general more so than brown, beef tlian veal, and boiled meat 
than meat dressed in any other way. Oily food is peculiarly 
indigestible, and it was only consequent upon the use of such, 
that Dr. Beaumont found bile to enter the stomach during 
digestion. From subsequent experiments made out of the 
body, he ascertained the fact (which at once explained the 
above), " that oily or fatty food is sooner digested, when there 
is a small admixture of bile with the gastric juice.” Of course, 
such food should be cautiously abstained from, by all persons 
labouring under bilious complaints. 

We now proceed to trace the food in its further downward 
course. 
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Chapter V. 

DIGESTION. 

Part HI. 6fthe hvtestinal Canal^ and whoit takes place there: 
—of the Liver^ Pancreasj Spleen, and Kidneys, 

The food we left at the pyloric end of the stomach, after being 
properly acted on by the gastric juice, and reduced to that 
grayish pulpy mass termed chyme. When the food, thus 
altered, is presented to the pylorus, the muscles of this latter 
relax ; the ring widens; and a free passage is allowed the food 
from the stomach into the first part of the intestines. 

That part of the alimentary canal, which extends generally 
in a very tortuous course, from the lower orifice of the stomach 
to the vent, or anus, is called the intestines. It is usually 
divided into tl{p small intestines, and the great intestines ; each 
of these are subdivided into three parts, tliose of tlie small in¬ 
testines, named duodenum, jejunum, and ileum ; while those of 
the great intestines are called coscum, colon, and rectum. Tlie 
order in which we have named them will show liow these 
parts succeed each other as we pass from the stomach tovrards 
the vent. 

There is always a relation observed between the fonn and 
size of the great intestines, the small intestines, and tlie sto¬ 
mach. It is genemlly true, that the intestinal canal is shorter 
in carnivorous, and longer in herbivorous animals, as compared 
with the length of the body. Omnivorous animals, such as 
man, hold a middle rank in tiiis respect. There are, however, 
some exceptions to this rule; the seal has very long, and the 
sloth very short, intestines. In man the small intestines are 
about twenty-six feet long, or from four to five times the length 
of the body ; the great intestines six feet, or one length of the 
body: the latter are tenned great, from their superior diame¬ 
ter. The whole inteftines, then, in man, may he said to be six 
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times the length of the body, while in the lion they a?e but 
five times, and in the ram extend to twenty-seven times its 
entire length. As we go through the classes of vertebrated 
animals, these proportions diminish. In birds, the intestinal 
canal is to the length of the body, os two, three, ibur, or 
rarely, five to one. It is hardly twice the length of the body 
in many reptiles, and not so much in the frog; while in some 
fishes the alimentary canal is continued straight from the 
mouth to the vent, and therefore does not equal the length of 
the body. This is the case with the lamprey, skate, and shark. 

Like the stomach, the intestines have three coats. The 
outer, derived from the serous membrane, binds them all to 
the baek-bone, yet with so long a bond as to give them consi¬ 
derable freedom of motion. Inside this we find the muscular 
coat, consisting of fibres in a longitudinalandcirculardirection, 
by which the motions called peristaltic and vermicular are pro¬ 
duced. It is by these motions that their contents are urged 
forward ; and the mode in which this is done may be under¬ 
stood from this sketch. 



Let ABODE be different portions of the intestine, in the 
first of which, a, is contained a part of the alimentary mass, 
W’hich has been softened down and formed into a pulp. Notice 
of its presence there is given by the nervous filaments with 
which this part is supplied. In consequence, the muscular 
fibres of a contract, and pass its contents into b ; they do not, 
however, immediately relax, for b being now stimulated, con¬ 
tracts in turn. If, then, a were to relax immediately, as much 
of the contents of b would go back into a as forward into c. 
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But A rematoiiij^ t^mtiacted, b discharges itself into c: a then 
ipelaxes, and b remains contracted until c has passed on its con¬ 
tents to B. If themotion l>e made bock from c to b, and b to 
A, this is termed fwiti-peristaltic, and such, we have reason to 
believe^ accompanies the inverted motion of the stomach in 
vomiting, fof the bile, which naturally does not enter the 
stomach, is, at such times, dischaiged from it in the greatest 
abundance. 

A singular effect that sometimes results from irregular con¬ 
tractions is, that one part of the intestine is swallowed within 
the other. Tliis is called ifitus-susceptio. Thus, if some acrid or 
irritating matter liave got attached to the inner coat of a, one 
portion of an intestine, a shall contract itself very powerfully 



in the endeavours to get rid of it, hut dischaiging nothing into 
B, there will he no inducement to B to contract; it will, there¬ 
fore, remain open, and any further contraction of the longitudi¬ 
nal fibres will cpse*A to slip within b. Tlie imicr coat of b is 
now sensible of something within it, consequently b contracts, 
and squeezing tightly the vessels of a, stops its circulation; 
mortification comes on, and death ensues. 

The arrangement of the longitudlnsd muscular fi})res varies 
in the colon. In place of being distributed in a regular order 
round the intestine, they are collected into three bands, wliich, 
being shorteij^ll^^n the intestine, cause it to appear puckered 
up. The intt^als between these hands, l^eing weaker, yield 
more readily to distension, fonning cells or sacmli. The feec^ 
when dry, readily assume the foi*m of these cells, as may be 
w^ observed in the horse, goat, and sheep. 

Within the muscular coat is a layer of fine condensed cel¬ 
lular id^ruciure, so distinct, as often to be described as a separate 
coat, und^ the title of tfoscuiar^ from the quantity of blood- 
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vessels tbAt ramify in it; or nervousy from a mistake, pexpetn- 
ated from the old anatomists. 

The true internal coat, however, which is foiely spiead 
over this, is the most curious part of the whole structure ; for 
by its means is the nutriment separated from the fool as it 
passes along, and conveyed into the mass of the l^lood. This 
coat is termed viUous, It has a soft fleecy surface, and, being 
of greater extent than the other exterior coats, is thrown into 
circular folds, wliich hang into the intestine like imperfect 
valves, with their concave edge floating. They have the name 
of mlvulas cmniventes. Their use, as described by Sir Charles 
Bell, is to increase the surface exposed to the aliment; to 
enlarge tlie absorbing surface ; and, at the same time, to give to 
it such an irregularity, tliat the chyle may lodge in it and be 
detained/* The viUiy from which this coat has its name, am a 
number of extremely fine, diort, filaments, that appear like a 
fine down on its surface. They are so minute, as not to be 
easily observed without tlie aid of a magnifyihg-glas?; yet 
each of them consists of an artery, vein,*, filament of a nerve, 
and an absorbent vessel. When there is nothing in the intes¬ 
tine, they arc flat, relaxed, apd hanging down; but when the 
food gives notice of its presence to the netvons filament:, the 
artery becomes stimulated, more blood is sent into it, the viUm 
is erected, and the absorbent is seen udth open month collect¬ 
ing the white, milky nutriment, the course of which we siudi 
have to trace further when speaking of the absorbent system. 

Around and between the bases of the villi are placed innu¬ 
merable small glands, pouring out a wateiy mn^ns secretion, 
which assists the passage of the food, by pmseBM||| to it a con¬ 
stantly lubricated surface. From the presence <m^e8e glands, 
this coat has also been denominated the mucous coat; and iht 
student will always bear in mind tliat it is still a modificati<m 
of the external skin, which, at first, folded over the edges o£ 
the lips, acquires new properties in the mouth; is thence con¬ 
tinued as a soft, spongy, delicate lining through, the cesophagm^ 
drawn into loi^tudinal folds by the contraction of the circokr. 



124 


DIGESTION. 


muscles; at the great end of the stomach is wrinkled, while 
numerous glands, placed beneath it, pour out their secretions, 
and gastric juice is exhaled from its surface, somewhat as per¬ 
spiration is from the external skin; towards 'the pylorus it 
assumes, in many animals, the mllous appearance, caused by 
the minute ends of the vessels throwing it up like so many 
little nipples; these are extremely numerous in the small in¬ 
testines ; gradually diminish as we approach the large ; until, 
at last, when we come to the rectum^ we find it again a smooth, 
spongy lining, exactly as it was in the gullet, and jjrepared 
again to give up its peculiar character, by being once more 
continuous with the external skin, which occurs on the edges 
of the vent. 

From this description of the structure of the intestines we 
shall readily understand a division of much importance in the 
nature of purgative medicines. Some, as rhubarb, act by sti¬ 
mulating the muscular coat to contract; the peristaltic motion 
becomes mole active, and the solid contents are evacuated. 
Saline remedies, on the contrary, have their action on the 
mouths of the mucous glands ; they excite tliem to discharge 
a large quantity of a watery fluid, as salt placed in the mouth 
produces a laige flow of watery saliva; and this fluid, mixing 
with the solid contents of the intestines, dissolves tliem down 
into a thin fluid mass, which is easily passed forward. In 
some cases, however, the solid contents have become too hard 
and solid to be thus acted upon, and tliey remain, causing much 
irritation and disturbance, when an ignorant physician imagines 
the bowels must be totally clear, because bis patient has had 
abundant watery evacuations. 

So much for the intestines generally; but before we exa¬ 
mine their functions more particularly, we must speak of some 
organs which now become connected vdtli the digestive process. 
For, when the chyme has passed the pylorus, and got into the 
duodenum, it becomes mixed with the bile and pancreatic 
fluid, which are both poured in through ducts opening into 
this part of the intestine; and, at the same time, a consider- 
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Bible change is observed to take place in it, and a separation 
into two parts, the one white, rich, and nutritive, called the 
chyle, the other the bulky indigestible residuum forming the 
faeces, . It becomes necessary, therefore, to inquire how far this 
change depends on the admixture of these fluids; aid this 
inquiry will be assisted, by examining the nature of these 
fluids and the organs by which they are secreted. 

The Liver, The first of these is the liver, by which the 
bile is formed from the blood, with which it is abundantly 
flupplied. Tills is the bulkiest of all the viscera ; it lies on the 
right side, close up under the ribs; attached at top to the 
diaphragm, while its lower part, stretching towards the central 
line of the body, lies in front of where the stomach passes into 
the duodenum. On the posterior side of the liver is placed the 
gall-bladder, in shape like a pear, and serving as a reservoir in 
which to keep the bile until it is required in the duodenum. 
The duct leading into the duodenum is generally met and 
joined to the duct bringing the pancreatic fluid^ so that they 
both pour their contents on the chyme at the same place. 

It has long been a matter of dispute wdiether the liver 
forms its bile from arterial or venous blood. To understand 
this question, it is necessary to state, that while most other 
organs receive only arterial blood and return venous, the liver 
receives both arterial and venous blood, and the latter in a very 
peculiar manner. For the general rule of the circulation is, 
that arteries, setting out from the heart, divide and subdivide 
as they advance, until they have attained an extreme degree of 
minuteness; veins, on the contrary, commencing w here these 
terminate, gradually unite into trunks, and those into larger 
trunks, till at last they return the whole blooS of the body 
into the heart, by two large conduits ; one from the head and 
uppfT extremities, the other from the trunk and lower extre¬ 
mities. To this general rule there is a curious exception as 
regards the liver. The veins from the stomach, spleen, great 
and small intestines, unite to form a trunk. This, in place of 
running tow’ards the heart, or uniting itself to some other 
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tnmky Tuxss into tiie lirer. It enters it between two of its 
lobes^ which form something like a ffnte for its recepilcn^ 
whence its name vena portoi, and immediately commences 
dividing and subdividing itself in the substance ^ the liv^^ as 
thougl^ it had been an artery. Now a large arte^ (the hepoAic) 
also enters t^e liver, and branches out as usuaL 

The liver, then, has two sources of supply; it has but one 
product, the bile: the question, then, is simply this, from 
which source of supply is the product formed ? Minute 
searches into the nature of glands, seemed to show that secre¬ 
tion takes place in extremely minute vessels; now it was 
thought that the dispute respecting the bile would be settled, 
by ascertaining whether the minute vessels in which it was 
secreted were continuous with the final subdivision of the 
artery or the vein. Upon this sj»eculation, therefore, the ana¬ 
tomists set to work with knives and magnifying glas^. 
Some pursued up the artery to its iiiinutest branch; others 
the vein. Some sliced the liver across, and tried what they 
could see in the section ; others cut it longitudinally. Some 
examined it raw, some boiled, some macerated in water, in 
spirits, or in acids. After much trouble in this way, ii ap¬ 
peared tliat each of them saw wliat he liked to see, but. unfor¬ 
tunately, could seldom make any one else see it. It was 
agreed, then, that this would not decide the point; and ano¬ 
ther mode was hit on. One gentleman made a very fine injec¬ 
tion of size or paint, and forcing it with a syringe into the vena 
port», fi>und it returned by the biliary duets and the hepatic 
veins, which are employed in retu rning Irom the liver all tlic 
blood that remains after the hilo has been formed, imd the 
organ nourished. Here “ confinnatiou, lull as strong as 
proofs in Hol^ Writ.” The blood of the vena portae not only 
sufficed fur the biliary secretion, but filled the he])utic veins. 
The poor hepatic artery was in danger of liaving nothing at all 
to do, but that, fortunately, another gentleman took it into his 
head to drive his paint injection through it, when, lo! the 
biliary ducts and hepatic veins hecainc filled with equal iaci- 
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llty. In all these systema of ressels coirnnnnicated so 

freely, that, by usmg a certain degree of force, fircan any <Hae 
yoa could fll all the rest. Eaiperim^ta go . livii^ atitTnAla 
^ere next had recourse to. Some tied the vein, and said that 
stopped the secretion of bUe; others tied tho artery, ^d re¬ 
ported the same results. Xu most cases the uniSortuiukte am- 
malsi, made the subject of experiment, were so injured by the 
opemticms, or by the subsequent inflammation, that Ihey 
afford^ no fair grounds for inferring what might or did occur 
in their natural condition. Argument, now, was the last 
resort; and those who have studied the question most, seem 
to think with Sir Roger de Coverley, that “ much may be said 
on both sides.” 

One party urged that the unusual distribution of the vein 
argues its application to an unusual office; that this office in 
the liver is evidently the secretion of the bile ; that the artery 
bos enough to do in supplying nourishment to the organ ; that 
the venous blood, containing more carbon than the ai'terial, is 
fltter for the eial)oration of bile, which abounds in this princi¬ 
ple ; and, finally, if the vein he not for this use, for what use 
is it ? To all this the other party replied, that every other 
secretion is formed from ai'terial blood, therefore analogy would 
say the same for this; that the size of the hepatic artery, 
almost eciual to one supplying an entire limb, is too great to 
suppose its blood exhausted in nourishing the liver, but that 
enough for secretion must remain; that the use of the novel 
distribution of the vena porta? is to prevent the blootl returning 
in too great quantities, or with too much violence on the heart, 
or, perhaps, as maintaining a reservoir of blood, for tho extra¬ 
ordinary necessities of the system, out of tlie immediate range 
of circulation; that the point respecting the greater or less 
quantity of carbon scarcely deserves notice; and, W'hat is most 
important, that in mollusca there is no vena portoc, yet bile is 
secreted, and that two instances have occurred in liondon where 
the vena portie never entered the liver, in which, consequently. 
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the whole secretion must have been made &om the blood of 
the hepatic arteiry. 

Such was nearly the state of the (jnestion when we com* 
menced to write; but an admirable paper read by Mr. Kieman 
before •the Royal Society, and published in the last number of 
their has finally settled the question, and proved^ 

on the indisputable authority of anatomical demonstration^ 
that the bile is secreted from venous blood alone; that this 
venous blood is, in part, that brought by the nma portce^ in 
port that brouglit by the hepatic artery, become venous after 
having contributed to the,nutrition of the organ; that, there¬ 
fore, both sources contribute to the formation of the secretion, 
and that if one of them were cut oft^ its place mighty to a 
limited extent, be supplied by tlie other. He has, also, fully 
explained the apparent anomaly in the cases above alluded to ; 
but his explanation involves too much anatomical reasoning to 
be rendered intelligible to our readers. On the whole, his 
][>aj)cr is one qf the most valuable contributioiis that lias been 
made of late years to human Physiology; and we feel no doubt 
that Pathology will derive equal benefit from one which he 
promises on the diseased appearances of the liver. 

The fact of the liver being employed in removing Crom tb® 
system the superfluous carbony has caused it to be considered 
in some measure subsidiary to the lungs, in which we know 
the same takes place, the air which enteis them returning 
loaded with carbonic acid, a combination of carbon wiUi 
oxygen. Many things tend to stnjngthen this idea. The 
heat of the body depends on the formation of this caibonic 
acid; but if the external heat be sufficient, there is less neces¬ 
sity for internal heat, less i ar])onic acid is formed, more carbon 
is left to be got rid of by tlie liver, the bile becomes acrid, and 
the liver deranged. This accounts for the frequency of liver- 
complaints in hot climates. In tlie foetus, for whom the heat 
of the mothdPs body must be suffident, the lungs are small 
a»l collapf^d; wliile the liver is large, extendmg much further 
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down than it does in the adult, and a quantity of bile is 
secreted, as we always find much greenish matter, termed 
fMc^niuntf in the bowels of the infant when bom. If we trace 
the scale of animals, also, we shall find that as the lungs 
diminish, the liver, having a greater share of business, enlarges; 
''ferogs, who give out little carbonic acid, liave more imperfect 
lungs and larger livers than sparrows, who give out a great 
deal; and in fishes, and moUusca^ such as snails, oysters, that 
breathe by gills, Mr. Lawrence informs us that the liver is 
very large, consists of several lobes, surrounds the stomach 
and intestines, and opens by several moutlis into these cavities ” 

The nature and appearance of bile are tolerably well known. 
It is of a greenish-yellow colour, but varies much in this 
respect; sometimes deepening into a brown; sometiihes 
brightening into a green. It is a viscid fluid ; and this qurdity 
is much increased by a short stay in the gall-bladder, where 
ah5or[)tion of its more liquid particles would seem to take 
place. It is sometimes found to contain aiiimcdculcs; and a 
species of worm, called Jlukcy existing iii-the gall-bladder and 
ducts of sheep, causes amongst them the disease, termed the 
rot. Its taste has become proverbial, “ bitter as gall.” 
Chemists have discovered in it a peculiar principle, named 
picronid {triKpoe hitter, peXc honey), from its combining a 
bitter witli a sweet taste ; and on this they suppose many of 
its properties to depend. They also speak of a green resinous 
part, but wdthout much certainty. 

Of the use of the bile we shall speak wdien we have said a 
few words of the pancreas and spleen. 

The Pancreas^ is hotter known in animals by the name of 
sweet-bread. It is a long narrow gland, placed behind the 
stomach and across the hack-bone. It resembles very much a 
salivary gland, and the fluid it exudes approaches closely in its 
nature to saliva. It has been extirpated wlihout the animal^s 
health appearing impaired. The duct from it opens into tJie 
duodenum, along with, or immediately by, the.duct from the 

* Pancreast tJl fleshy; from Trav, aH; and xpsciif flesh. 
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liver, Th6 use ef the pmcr^ic fluid is not very well known* 
Some Enippose that it modifies the acrimony of the bile, others 
that it aseista in preparing the nutritive part of the food for 
absorption. 

Htb Spleen is of an irregular figure, and dark purple colour, 
idtuated at Ihe left side of the abdomen, close up under the 
ribs, as the liver is at the right, and attached at top to the 
diaphragm, and by its side to the great curvature of the sto- 
xnach. It is of a peculiarly soft, yielding, spongy structure; 
Com}>osed almost entirely of vessels which admit of being 
readily emptied, or as readily distended with blood, by whidh 
it is capable of suiting itself to the condition of the neighbour¬ 
ing parts. Thus it has been observed to swell up and enlarge 
when the stomach was empty, and to be contracted when this 
organ was full. From this, and its close comiexion with the 
stomach by means of vessels {^asa hreoia') which pass between 
them, it has been generally consiilered as intimately connected 
with digestion. Some have sii}>posed it to act as a sort of fo¬ 
mentation, or application of heat and moisture to tlie end of 
the stomach, and thus to promote its action. Others have 
said, that as the stomach, when digesting, requires more blood 
than when empty, the spleen acted as a reservoir, in whicli 
the blood was retained until the stomach, becomirig full, 
pressed on the spleen, and so compelled it to discharge the 
blood necessary tor its use. But we have no proof that the 
stomach can so compress the spleen; nor is the spleen always 
situated so immediately in its neighbourhood as to render this 
probable. The frog, for instance, has the spleen in tlie 
mesentery; and, in ruminating animals, the spleen is attached 
to the paunch, or first stomach, so that, if pressed on ])y tliis, 
it would be giving out blood when no digestion at all was 
going on, as this does not commence until the food has got 
into the fourth stomach. Another opinion has been, that it 
served as a counterpoise to the liver, on the opposite side of the 
belly; Hewson thought it made the colouring matter of the 
blood; Sir Lrerard Home, that it received the liquids direct 
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from the stomach; Erasistratus, that it was of no nse at all; 
and Paley could hud no better use for it than as a pad or 
stuffing to assist in packing all the other viscera, and keeping 
thorn comfortable in their places. All these theories have heeai 
refuted, or, from their absurdity, not considered worth mfuta- 
tion. There remains one, not often insisted on, }%t supported 
by some reasons, and, what is better, by some facta. 

Let us suppose any given quantity of blood, say ten pint% 
necet^ry to the performance of the functions, and the main-' 
tenance of life. Suppose tliat exactly this quantity were cott- 
tained in, and filled the circulatory system, it is clear that any 
sudden accident, such as a rupture of a vessel, or a wound, by 
which half a pint or a pint of blood was lost,* would suspend 
life, or leave the person in a low, exhausted condition, from 
which his recovery would ])e tedious and uncertain. In sliort, 
the o])eration of blooding would, under such circumstances, bo 
more dangerous than the disease it was intended to remedy. 
To avoid this, a greater quantity of blood is preserved in the 
body than is immediately necessary, and the superfluity is 
placed in communication with the general circulation, though 
not in the immediate line of it, in certain reservoirs, from 
which it can bo drawn, sliould the system require it. We 
have before hinted that the liver may perfonn such a function 
in consequence of the mode in which the vena portos, carrying 
all the blood of the intestines, is divided in it, and it ia now 
suggested that the spleen would be admirably adapted for a 
like purpose. 

The most accurate examination of its structure would show 
it to consist of nothing hut vessels, capable of great dilatation 
and subsequent contraction, according as they are required to 
hold a greater or less quantity of blood. In the cold fit of 
ague, when the blood, leaving the surface, is concentrated to¬ 
wards the trunk, this organ enlarges exceedingly to receive the 
torrent, which, if poured on the stomach, liver, or lungs, would 
be attended with imminent danger. When reaption sets in, 
and tlie hot stage is fully estahlisned, the blood again rushes 

k2 
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to the surface, which uow becomes red, heated, and swollen, 
till relieved by a copious perspiration, in which the fit ends; 
while the spleen again shrinks and collapses to its ordinary 
size. If, however, the fit be frequently repeated, the spleen is 
not completely emptied each time, an accumulation and de¬ 
position take place in it, and it becomes permanently enlarged 
and hardened. This state of the sjdeen, familiarly known by 
the appropriate name of ague-cahc^ is of common occurrence in 
Lincolnshire, and other places where agues are rife. There is 
no ground for supposing it an organ of secretion. No secre¬ 
tion from it has ever been discovered, nor any duct by which 
such secretion could be conveyed. Sir Kvemrd Home’s idea, 
that it foimed the medium by whicli liquids w'ere conveyed 
directly into the circulation, he himself gave up on subsequent 
experiments; to say nothing of the fact mentioned by Blu- 
menbach, that the spleen is of good size in several w'arm- 
hlooded animals who never drink. Its veins run direct to the 
liver, which, in tlie view we have taken of them, would show 
a community of function. Dr. Lind mentions, that in the 
bilious intermittent fevers of Bengal, where the liver is often 
inflamed and swollen, so as not to admit the venous blood to 
enter it as freely as usual, the spleen constantly becomes en¬ 
larged, and shows itself to be perfonniiig additional work; 
and MM, Lenret and Lassaigne having applied a ligature on 
the vena porta: of a clog, and examined its spleen two hours 
after, found it to weigh a pound and a-lialf, wdiile it onlinarily 
weighs but t>vo ounces. 

It would be iinj)ossible to consider the matter fully here, 
but we think w*o have shown a probability that the liver may 
be an organ performing I wo functions; one, the removal of 
caibon from the system, in which it assists the lungs; the 
other, the detaining, in,a state of slow transit, a ceiiain quan¬ 
tity of blood, ready to be given out should there be a ccill for 
it, and this office it shares with the spleen. Wc have already 
shown, that as the lungs become more imperfect, or fail to per¬ 
form their ofl&ce, the liver becomes larger and more active; 
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but becoming larger, it is of course rendered, at the same time, 
a more capacious reservoir, therefore haa less need of the assist¬ 
ance of the spleen; consequently, os nothing useless is left in 
the animal economy, ‘‘ the spleen,” as Mr. Lawrence informs 
us, “ gradually diminishes in size from the mammtl^ia to 
hblies,” but this is exactly the order in which the liver in¬ 
creases. In mollusca, in whom the liver is of great magni¬ 
tude, the spleen does not exist at all. Other arguments may 
be adduced, from the symptoms that accompany inflammation 
of this organ, but it will be sufficient to have alluded to this, 
and "we shall now return to our ch^ine, which wo left entering 
the duodenum. 

The duodenum derives its name from being, by old anato¬ 
mists, described as the first twelve {duo-deni) fingers’ breadth 
of the intestine, measured from the pylorus. It is now better 
and more anatomically defined, but the old name still remains. 
It is much larger than any other portion of the small intes¬ 
tines ; its functions and diseases ai e both of the* greatest im¬ 
portance, and by scvertil anatomists it is rtystd to the rank of a 
second stomach. It takes its course towaids the riglit side, 
from the orifice of the stomach lying across the back-bone, and 
above the pancTcas; it then turns down, and having gone a 
short way in this direction, makes its tliird turn towards the 
left, so as to terminate at the Ijack-bone, nearly under the place 
where it liad commenced. This Avill be more clearly under¬ 
stood from a reference to the annexed figure. 



The Duodenum, or comnicncoment of the Intestinal Canal. 
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Tbe ducts from the lirer and pancreas open into it Just 
where it is turning doYTiwards, and at this point a remarkable 
chfmge is observed in the food. In place of the gray uniform 
pulpy mass which we found at the pylorus, an evident separa¬ 
tion into two parts has taken place. The bile also seems to 
undergo dedbmposition, and one of its 2 )arts unites with the 
nutritive part of the food, which now s^vims at the top, in the 
form of a white creamy fluid, while the other, or proper bilious 
part is found mixed with the more solid remaining parts, and 
seems destined, by its bitter and acrid qualities, to stimulate the 
intestines to unload themselves of the faces. So far the 
clianges jiroduccd by the bile, seem almost entirely chemical, 
and Dr, Prout states, that having mixed chyme with bile, out 
of the body, almost the same appearances were observed. ‘‘ A 
distinct precipitation took place, and the mixture became neu¬ 
tral.’* He could not, however, clearly ascertain the formation 
of an albuminmtSy or nutritive 2)riiiciple, -which he attributed 
to the absence of the pancreatic fluid. It does not appear, 
however, that bile is absolutely necessary for this separation of 
the chyme into chyle and excrement. Nutrition continues to 
take place in jaundiced patients, in whom, from the stoppage 
of a gall-stone in the ducts, or inflammation, or i>ressnre of the 
neighbouring organs, not one j)articlc of bile can enter the 
duodenum. In such cases, the bile, after being formed, is re- 
al^rbed and carried into the blood, causing the general yellow¬ 
ness of skin ; while the faxies, devoid of this j)rinciple, are per¬ 
fectly white and clayey, and the intestines, wanting its stimu¬ 
lus, become sluggish in their actions, fi*om which arises that 
costiveness so generally attendant upon this disease. 

The next stej) is the taking up this nutritive matter, which 
■we have seen separated by llie bile, and this is entirely a vital 
process. The folds of mucous membrane, of which we have 
spoken as hanging into the intestine, are immersed, as it were, 
in tills creamy fluid; the little vessels on their surface com¬ 
mence sucking it in, and liave been actually seen in the feet 
by Sir Charles Bell, who has seen the little white flukes stop¬ 
ping up their orifices. 
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Jejunum md Hetm, By &r the greater part of the ahaorp* 
tion takes place in these, prinGipally in the first, as we h^ 
find those mucons folds most abnndant*. The use of these 
fi>lds seems to be, not only to increase the extent of the 
tdisorbing snrface, but to cause some delay to the food 4n its 
passage, and thus afford fiorther time for the abaoibents to act. 
In some fishes the little delay thus afforded seems sufficient, 
without the necessity for convolutions. Thus the small in¬ 
testine of the blue shark presents this appearance, where wo 


A 


Stomaoh and small Tutesime of tbr Blue Sliark. 

A r tbo stomach. B, the small Intestlney with its spiral valve. 

feee those folds transformed into a regular spind valve. The 
intestine runs almost in a straight lino to the vent; these 
valves, tlierefore, arc necessary to prevent the food from pass¬ 
ing too rapidly through it; they also very inueh enlarge the 
absorbing surface. 

As the contents of the small intestines are urged along by 
niusculiir contraction, they are thus gradually deprived of their 
liquid particles, become drier, and approach more in their pro¬ 
perties to fiecal matter. 

Tfte great intestines. AiTivcd at these, the mass has lost 

* The mode in which tbcee parts arc distinguinhod is, bycalling the upper 
two-hfthb of the small intestine (measured from the duodenum) X7uni/i», and 
the lower three-fifth ileum. The name jejunum is said to be dcrlvod from jfjunust 
hungry; because this part of tlic intostino is generally found empty. The ex¬ 
perience ol old anatomists differs entirely from ours, for we have as often found 
it full. 
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Almost all its Dutritive particles. In animals^ however, that 
live on food difficult of digestion, this is not altogether the 
case. To give an opportunity for extracting any that may 
remain, these intestines are made very winding and voluminous. 
The aeecum and colon in the goat, whose food, so unlike the 
substance of our bodies, is with difficulty assimilated to it, 
measures more than twenty feet; while in the lion, feeding on 
flesh, they do not measure four feet. The absorbents, how¬ 
ever, are not found in any number opening into this part of 
the canal, so that not much nutriment can be acquired here. 
This accounts for the difficulty in supporting a person by -nu¬ 
tritive injections, as is sometimes attempted to bo done, when, 
from a very irritable state of tlie stomach, or some other cause, 
the patient is unable to swallow. These injections can never, 
under ordinary circumstances, reach higher tlian the coecum, 
for a valve placed at its entrance, and opening only downwards, 
admits matter from the small intestines, but bars all return. 

What reijiams after this last absorption is excrement; and 
when a sufficient quantity of it is collected, its bulk stimulates 
the rectum, or lower part of the whole canal; the muscular 
fibres of this contract; the muscle ^vhicli holds it closed at its 
termination, relaxes; and by the assistance of the abdominal 
muscles, useful in this as in vomiting, the fsecal mass is dis¬ 
charged. This is materially assisted by the ^structure, already 
noticed, of the intenial membrane at this place. It has become 
soft, spongy, and abounding in mucous glands; the secretion 
from Avliich, elicited in great abundance at this time, helps to 
lubricate the mass, and so facUitace its expulsion. 

Sir Everard Home had an idea that the fat might be formed 
in the large intestines, ami made some experiments to support 
this theory. A piece of muscle, digested lor some days in bile, 
appeared fatty on the surface. Something of the same kind 
cxa:urred in feces that had been long retained. Ambergris*, 

* Be Blaiuvilld questions this, and says some persons ossig^n the production 
of arabergriB to a sort of *epia, which, during life, has a strong amtoeous smell. 
But he does not quote his authorities. 
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which is of a rich fatty nature, is well known to be the con¬ 
tents of the great intestine of the whale, when from ^sease the 
excrement has been long retained; and lumps of fat have occa¬ 
sionally been passed by persons in ill-health. He mentions 
some other circumstances of the same kind, but has ndt suc¬ 
ceeded in making out his case. * 

Gases of different kinds are found along the course of the 
alimentary canal, either proceeding from the decomposition of 
the food, or, as is more piobahle in many cases, secreted into 
the canal. Careful analyses of these in different parts have 
been made. It would appear that oxygen and nitrogen are 
found in most abundance towards its commencement; carbonic 
acid and hydrogen towards its tennination. Carbonic acid, 
however, is by others stated to be found in greatest quantities 
in the stomach. Tlie oxygen and nitrogen arc, probably, the 
constituent parts of the atmospheric air, w hich must be swal¬ 
lowed at each movement of deglutition, or mixed with the 
food during mastication. Some animals possess the power of 
swallowiug air to a remarka]>le degree. It is by means of tliis 
that the sea-urchins swell out their skins, so as to erect the 
prickles with which they are covered, and which thus serve 
them as a defence against sharks and other voracious fishes: 
and it is the same faculty that enables the naviilusy thus ren¬ 
dered lighter than water, to move gracefully on its surface. 

Light as a flake of foam upon the Mrind, 

Keel-upward from the deep emerged a obeli. 

Shaped like the moon ere half her horn is fill’d: 

Fraught i\ith young life, it righted as it rose, 

And moved at will along the yielding water. 

Worths the dead creation, in that hour. 

To me appeared this lonely nautUw, 

We have now traced the food from its entrance to its exit; 
w’e have seen it chewed and mixed with saliva in the mouth; 
swallowed by the tongue and gullet; changed by the stomach 
into chyme; by the duodenum, when mixed with the biliary 
and pancreatic fluids, into chyle; its nutritive jiarts absorbed 
&om the small intestines; and the remainder Anally converted 
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into excrement in the isi^e. Before we proceed to inqohn 
what becomes of the absorbed part, which woold lead ns to 
the consideration of a new set of vessels, let ns say something 
respecting what we may term the liquid excrement^ the niiBS^ 
and t!ie organs by which it is secreted and cont^UDied. 

An impoiftat|t difference is to be observed between secn^ons* 
Some, when ibnned, are applied to a further nse in the sys¬ 
tem ; such are the bile, the saliva, and these are proper secnio- 
lions. Others seem merely formed to remove from the system 
matters which, if remaining in it, would he injurious, and 
these, when formed, are quickly discharged; they are mm^e 
properly termed excretionSy and of this kind is the urine. 

The urine, then, is one of the means of purifying the 
system, and, in all the mammalia, is secreted by the kidneys, 
and conveyed into a bladder, from which, when a sufficient 
quantity to stimulate it is collected, it is expelled. It usually 
appears as an abundant watery secretion, of a pole-yellow 
colour, salt taste, and peculiar smell, not disagreeable in the 
urine passed by a healthy person. The mnell to which the 
name urinous is generally given, is not that to which we allude, 
for it, in fiict, arises from the decomposition of the urine which 
takes place with great rapidity as soon as it is exposed to the 
air. This proneness to decomposition arises irom the great 
number of ingredients it contains, amounting according to Ber¬ 
zelius, to seventeen, while Fourcroy and Vauquelin swell the 
number to no less than thirty. In short, it seems to be a sort 
of sewer to the body, through i\hich everything useless is 
drained off. We bhall find it vary mucli, acc'ording to the 
times at >^hich it is examined: and physiologists have, with a 
view to this, divided it into urine of the drink, urine of the 
chylCy and urine of tlie blood 

Urine of the drink is that which is passed soon after lusving 
drank in grea^ abundance; and this is considered the most im¬ 
perfect, as many of the qualities ol the liquid drunk may often 
be detected in it; and it seems as ii‘ the liquid had passed 
through the body without being much modified iu its course. 
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it is kno^K^ produce this secretion more abund¬ 
antly iltsn others, such ore infusious of bioom-tops, of junipi^ 
berrieft^ or of fbx-seed. Urine of the chicle is that M^hich is 
Toidetl a short time after a meal is digested. It difiezs;, 
notably, from the other in quantity, density, colour, aiid*^oitr. 
Its quantity is less, its density greater, bcoau|^ jls solid con¬ 
tents are increasefl, its colour deeper, and us odour more 
peculiar, and less reiiarrible to the matters taken in. The urine 
nf the blood, however, is that in which all its characters are 
more perfect. This is the urine passed in the morning, aft^ 
sleep, during which the s^’^stem, left to itself, and undisturbed 
by external influences, lias full time to throw out, by the 
kidneys, all such matters as it requires to get rid of, and wliich 
are thus found, iu their due proportion, in the secretion. It is 
this that chemists prefer to analyze. It consists of water, a 
great number of salts from whicli it frees the blood, a peculiar 
matter termed urm, an acid called uric, or lUhic, which causes 
it to redden vegetable blues, and mucus, together with some 
other anbnal matters. ^ 

M. de Blainville says, that urine pa^ed from the kidney of 
a living animal is much tliickcr and more viscid tlian when it 
is discharged from the bladder. He concludes, therefore, that 
the salts, the auimal matter, &c., are separated from the blood, 
in a concentrated fonn, by the kidneys, and that the chief part 
of the water is added by exlialation from tlie lining membrane 
of the bladder*. This lining membrane is nothing more tlum 
the skin turned in through the urinary passage, modified 
exactly os the skiu is wlien it becomes the lining membrane of 
the mouth, furniShed with mucous glands, exuding a secretion 
by which it is continually moistened, and applied over the 
whole internal surface. Tlie watery exhalation which takes 
place from this, is exactly analogous to perspiration from the ex¬ 
ternal skin, and as one of these increases, so the other diminishes. 

Compare this vital phenomenon with the physical fact. If a hopr, made 
with any organic membrunc, vegetable or animal, be partly filloU with soma 
thick HukI, and the whole inimerM^ into n vessel containing a thinner fluid, the 
latter will pass across the membrane to mix with the former.] 
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A horse at reg^ in his stable passes urine funding in wat^; 
Ijntit take the same horse, fatigue him in the course, excit6 
vkdsnt transpiration from the x>ores of the skin, and then his 
urine will be thick and viscid, often to such a degree as to 
prodtfco difficulty in passing it. On the other hand, in the 
disease temJed diabetes, in which the patient will sometimes 
pass thirty or forty pints of urine in twenty-four hours, the 
skin is dry and hard, and the most powerful sudorifics tail to 
produce any moisture on it. The secretion is increased by cold 
and damp air, preventing transpiration from the skin; and 
diminished by hot and dry aii*, by abundant fluid discharges 
from the bowels, and by dropsy, in which the water seems all 
directed in a wrong course, and which is often cured by 
increasing tlie flow from the kidneys. The constant state 
action in which the cutaneous exlialants arc kept in warm 
countries, accounts for the frequency of skin diseases, such as 
leprosy, yaws, ring-Avonn, in these situations: while the urinary 
organs beings over-worked in damp, cold climates, shows why 
they are more frequently affected amongst us. 

If the urine be carefully examined witli a good magnifier, 
W'e shall see extiemely small shining crystals floating ttii*oug}i 
it. These are crystals of uric acid, held in solution, while the 
urine is in the body, by the quantity of warm fluid in Avhich 
they arc immersed; but should anything tend to cool that fluid, 
such as a foreign body getting into the bladder, or should they 
be secreted in too great quantity to remain dissolved, they are 
precipitated in a solid form, and, according as they unite in 
small grains or in one large mass, give rise to gravel or stone, 
perhaps amongst the most jiaiiiful diseases tlSat flesh is heir to. 
These concretions are ai other times formed from the salts 
which wo said were con tallied in the urine, and diet seems to 
have no little influence in detennining to which of these classes 
the .stone shall belong. Abundant animal food, rich soups, and 
indulgence in wine, tend to the formation of uric acid, and this 
is genei-ally the gravel that accompanies gout; while the 
alkaline concretions occur more frequently in children, in 
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weakly persons, and such as live mnch upon vegetables*. 
Now, as the dispositions induced by these means are directiy 
opposed to each other, and a stone formed under one of them 
would be, if not very large and firm, actually dissolved by the 
urine secreted under tlie other, it is evidently of the highest 
importance that the diet of persons labouring undet this disease 
should be particularly attended to. Medicines are used with 
the same intention, and if resorted to at the commencement, 
may succeed in dissolving the newly-formed calculi; at a later 
period, however, these are not so easily acted on, and an 
operation becomes necessary for their removal. It was at one 
time thought that the injection of certain solvent fluids directly 
into the bladder might suffice in all coses to destroy the stone; 
but it was found, that when of sufficient strengtli to do this, 
they were also of sufficient strength to act most iiijurionsly on 
the delicate lining membrane of tlie bladder, and so induice a 
most dangerous inflammation. 

Certain substances have peculiar effects on the4irine. Khu- 
barb gives it a peculiar tinge; asparagus, aj) every body knows, 
a peculiar fetid odour; and turpentine, a smell like violets. 

The urine seems to be converted into a means of defence for 
certain animals, by being endued with a jiceiiliarly offensive 
smell. This is most remarkable in the fox, the pole-cat, and 
the inoufiFettef, an animal allied to the same family. Birds 


* Dr. Wollaston, who has made very interesting researches respecting the 
influence of differout kinds of food on the composition of the urine in birds, found 
that in a chicken, fed solely on herbs, the uric acid was hut n very small fraction 
in a Imndrcd ports; it was rather more in a chicken allowed to feed at large in a 
farm-yard; in a pheasant fed on barley, it amounted to fourteen per cent.; 
almost formed the entire urine in a hawk fed on flesh; and altogotlier in a brown 
gull fed on Ash. 

t The American skunk seems of all animals the best provided in this respect. 
It will not run from a man; and indeed exhibits no sign of fear at the sight of 
any animal, however powerful, if it jicrceives itself about to be attaclvod, it 
curves its back, raises Its liairj' tail in a vertical position, and then ejects, with 
eonsiderable force, its urine, which is mixed with such an insupportabty fetid 
ligitor, produced by cortaiii glands for the purpose, that neither man, dog, nor 
any animal, however fierce, will venture to touch it. Washing, scouring, or 
baking, have boen tried in vain, to eradicate the smell from clothes once Infected. 
Major C. Hamilton Smith, who Iiad often seen the animal^ itlforms us, in Grif¬ 
fith's edition of Cuvier, that the owner of the New York Museum had a suit of 
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Imve no bladder, but the lower port of their intestine ends in 
a bag, called cloaea, which serves not only to receive the faeces^ 
but also the urine from the kidneys, and the eggs from the 
ovaries. It thus answers the purpose of rettumy Madder, and 
or 'mtnh. They have, therefore, no distinct passage for 
evacuating the urine. It is voided along with the faeces, and 
is that dull white matter which we observe always forming 
part of them. It is very little fluid, which M. de Blainvillo 
attributes to its not having been in a bladder; and he mentions 
this fact as a })roof of his theory, that the urine is indebted to 
the bladder for its watery parts. It is composed in great part 
of uric acid, and hardens quickly on exposure to air. In ser¬ 
pents and lizards, tlie urine is still more solid, and hardens 
almost into a stony mass. Frogs again present us wdth a 
bladder, and consequently their urine again becomes liquid. 
The cuttle fish lias a jioucli opening near the vent, which, from 
its situation, is by some considered as a urinarj' bladder. It 
conttiins a (jumtity of deep black fluid, said to be the colouring 
prmci[dc of Indian ink; and this it discharges, w'heii pursued, 
so as to darken the water around it, and thus favour its escape. 
This use of it, as a me;ms of defence, certainly bears an analogy 
to what we mentioned above respecting the ibx and the pole-cat. 
If this reasoning be admitted, w'e must consider as urine the 
heautiriil purple liquor afforded by the murex^ and used amongst 
the Homans to dye tlieir richest robes, Tliis liquor is, when in 
the animal, of a yellowish-wdiite colour, and only obtains its 
regal tint when exposed to the act'on of light. 

It is scarcely nccessai’y to describe the shape or colour of 
the kidneys. Every one has seen a sheep’s kidney, and the 
human kidney much rehcinbles it, excej)t that it is longer, and, 
perhaps, flatter. These are what are called symmetHcal organs, 
that b, there are two of them similarly situated, one on each 
side. The other organs of which wc have spoken are not syni- 

clothes completely ruined by a few drops; "after washing they were hung upon 
the roof of his house, full fifty feet high, and yet could be very distinctly smelt 
some distann off in the streets, or the square near the house." 
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mdrical. Xliufi the liver is placed all to one side of the body, 
the spleen to the other, and so on. The kidneys, kx, are 
placed in the loins, one on either ude of the back-hone, vy, 
towards which their notched ade is turned. Into this the 
blood is conveyed by br, the arteries, and it is from this 
blood that the materials for the mine are derived. • The blood 
tliat remains is returaed by means of the veins, while the urine 
passes along two canals, u tr, called ureters, into the bladder x. 



Kidneys, Ureters, and Bladder. 


The kidneys ore generally enveloped by a quantity of loose 
cellular membrane, in. which abundant depositions of fat take 
place. Their internal arrangement is curious. If we make a 
horizoutid section of one, we shall observe that it seems com¬ 
posed of a number of lobes joined together within a general 
envelope. Each of these lobes is composed, exteinally, of what 
is termed tlie cortical part. The arteries aU direct themselves 
towards this, and when arrived at it, subdivide until their 


* From the Latin re/i, a kidn^. 
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branches become extremely minute. In these minute branches 
the urine is secreted; and inside this cortical part we perceive 
what is termed the tvibular part, composed of a number of 
minpte ducts conveying towards a central point the liquid 
which has thus been secreted. The ducts gradually unite, and 
tenninate in a little process like a nipple. The number of 


A Tlio artory of the kidney. 

c The cortical part in wliich the urino is 
secreted. 

T Tlio tubular part, through which it is 
conveyed into 

F Tho pchis, whence it descends through 
V, the ureter, Into tho bladder 

Section of Eobe of a Kidney. 

these in each kidney varies from twelve to eighteen. They 
discharge the urine through little funnel-shaped ducts, termed 
calyces or itifundibulay into a membranous bag, called ^^elvis, 
situated in tlie notch of the kidney, and with which the ureter, 
or canal to the bladder, i.s directly continuous. Concretions 
sometimes are found in this pelvis, fonning the disease called 
stone in the kidney: or becoming detached, and attempting to 
pass down the ureter, they will stick on the waj”, giving rise 
to most distressing symptoms. In such cases, recourse is gene¬ 
rally had to nareotics for allaying the pain, and to warm Ixiths, 
fomentations, and such other means as may induce the parts to 
relax and so suffer the stone to pass. The ureters terminate in 
the bladder, towards its neck; the urine is constantly passing 
down in drops as it is secreted, and its return into the lower 
port of the ureters is prevented by their opening obliqjiely 
through the coats of the bladder, which thus act as a valve. 
These coats are very similar to the coats of the stomach, but 
the external or serous coat only covers the upper and hack part 
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of the bladder. Tliis is of the greatest moment to the surgeon, 
as it enables him to perform operations on this organ, with 
much less danger than if he had to cut into a serous sac. The 
muscular coat of the bladder is composed of a number of strong 
fibres, the general direction of whiqli is longitudinal. Some 
speak of their forming a sphincter^ to close the neck 5f the 
bladder. We have not seen anything sufficiently distinct to 
deserve the name, nor does such a provision appear necessary, 
the parts around being of such a full, plump nature, as easily 
to yield when a liquid was forced through them, but as readily 
fall together again when the liquid no longer flowed. The 
muscular fibres are excited by the full state of the bladder^ 
They contract, and its contents are dischaiged through the 
urethra. This passage differs in length in the different sexes. 
Its lining membrane, continued on, becomes the third, or 
internal coat of the bladder. It is constantly bedewed with a 
mucous secretion, that serves to defend it from the action of 
the urine. It is to the exhalation, also, from this,\hat, accord¬ 
ing to De BlainviUe, the urine is indebted for much of its 
watery particles. 

Having now traced both the solid and liquid excrements to 
their final expulsion from tlie body, let us return to see what 
becomes of the nutritive part of the food. 


ClIArXER VI. 

OF ABSORPTION. 

Not only is there a constant addition of new particles to the 
system, supplied by the food, and coBve 3 'ed by certain ducts, 
but tliere is, corresponding to this, a constant removal 6f old 
particles, which, having done their duty, require to he taken 
away, and their place occupied by others. Both these offices 
are performed by a system of vessels, which we^ have now to 
consider, termed Absorbents; and they are distinguished into 

L 
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la/(^teals and according as they are generally employed 

in the former or tlio latter function. 

It will be remembered we, left the food just when it had 
been divided into its nutritive and excrementitious portions* 
and fracing the course of the latter, liad reserved the former 
Ibr future conaidemtion. To this we must now direct our 
attention. 

Asellius, in 1622, being engaged in dissecting a dog, which 
he had opened soon after it had fed, observed a series of vessels, 
which were neither arteries nor veins, but filled with a white 
milky fluid, running along that fine transparent membrane, 
called mesetit&ry, which, as we luive said, binds the intestines 
to the back-bone. Delighted with his discovery, he denomi¬ 
nated these newly-found vessels lacteals {lac, milk), and, in 
order to trace their connexions and uses, he opened another dog 
the next day, but, to liis great disappointment, could not 
observe tlic smallest white vessel. He began to consider what 
could be th<, cause of this, and then remembered that the last 
dog had been opened after a whole night’s fasting, while tlie 
first had previously had a good meal. He therefore fed a third 
dog abundantly, and having opened him, found “ everything 
more manifest and brilliant tlian in the first case.” The vessels 
therefore were themselves transparent; tliey owed tlieii- wliite- 
ness to the chyle contained in them, and presented at once the 
coursti by wdiich this w’as conveyed from the stomach towards 
the circulation. As this was a matter very much clis])uted at 
the time, Asellius gave his whole attention to the subject; he 
made numerous dissections of living animals, in all of wliicli 
he was able clearly to point out his new vessels. 'J’heir origin 
from the intestines was uii'-toubted, from their containing the 
chyle; but he did not succeed iji making out their termination. 
This ho supposed to be at the liver, which was then looked on 
as the organ in which the formation of blood out of chyle was 
perfected. 

In 1649, however, Pecquet, a French physician, being 
engaged in cutting out the heart of a dog, noticed a quantity 
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cf wliite creamy fluid, pouiiug out flxxm^otie oC the large yeiiM 
yrhich he had severed just where it jeiu^ the heart. Strudc 
with the oddity of seeing a white fluid in the blood, he thought 
at first that he must have opened into some abcesa, and that 
this was pm which it contmned. But, after some examina¬ 
tion, fliiling to find one, he eommenoed pressing the parts 
about, to see whence it might come; and on pressing the 
mesentery, tlie lacteala of which h^pened to he full of cJi^le, 
a large quantity of it was at once discharged from the vein. 
This set him on looking for the mode of communication, and 
he soon found that the lacteals, in place of running to the liver, 
discharged themselves into a slender duct, which he named 
thoracic*^ and which, ascending close to the back-bone, con¬ 
veyed their contents into the left a/y^bcloman vein, just before 
it opened into the heart. Observations un this class of vessels 
beaime rapidly multiplied. They were found arising in 
greatest number from the small internes, and at Isist their 
little mouths were discovered opening on the attract¬ 

ing to themselves the chple hy a peculiar vital power of selec¬ 
tion. Tlieir extreme minutenei®, also, qualifying tliem to act 
as capillaries, may favour the ascent of tlie liquid. Before 
joining the thoracic duct, they pass through a number of gan¬ 
glia^ or firm reddish masses, placed generaUy at the Union of a 
great number of vessels. In these glands it is supposed some 
further change takes place, by which the chyle is more animal- 
ized and more fitted for becoming part of the hlood. The 
number of these glands in the inosentery is about a hundred. 
"We represent some, and the course of the lacteals through them. 

The little vessels are furnished with valves, formed by folds 
of their internal membrane, and arranged in pairs, with their 
convex side turned towards the intestines, so that any fluid can 
pass upwards to the thormic duct, but nothing can return, as 
the valves would prevent it. These valves are anotlier means 
by which the chyle is caused to advance towards the blood; 


* Because the principal port of it la found in the hack of the Viorax, or chest, 
close on the hack-bone. 


T, 2 



148 


ABSORPTION. 


for, if we suppose the lacteals, loaded’with to be pressed, 
as they would be, by the action of any of the neighbouring 
mufdes, it is clear their contents cannot remain stationary, as 
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this woujd be contrary to the laws of fluids under pressure, 
neither can they go backwards, the valves preventing this, 
therefore they must go forwards, that is, towards the thoracic 
duct. This duct itself opens into the vein by a valve, which, 
while it permits the discharge of the ch^le, prevents anyi>lood 
entering; and it is this structure that so long RS in igno¬ 
rance of this set of vessels, as, without it, the injections which 
were constantly thrown into the arteries and veins by old ana¬ 
tomists would readily have entered and filled these also. 

In tlie engraving, the heart and lungs, diaphragm, liver> 
spleen, stomach, &c., are all supposed to be removed. Nothing 
remains but a fold of intestine, c c, attached to the back-bone 
by the mesentery, m, the white lines on which represent lac- 
teals aiising from the intestine, and after passing through some 
of the glands, g ff g, directing themselves towards the back¬ 
bone, where, hy their union, they form a a, the thoracic duct. 

This may be traced up along the back-bone until arrived at 
the top of tlie chest, where it bends down and discharges its 
contents into v, the svhclavian vein, just jvhere this latter 
unites with x, the carotid, to form s, the superior vena cava^ 
which we know passes directly into the heart. Numerous 
lymphatics, h h, may be observed running from each side to join 
the thoracic duct in its ascent. The dark shades behind them 
indicate the ribs. 

If we now understand the nature of the lacteals, we shall 
have little difficulty in extending our views, and comprehend¬ 
ing that vessels exactly similar in nature and structure are to 
be found in all parts of the body, but as there is no <^ylc for 
them to carry, they are loaded with a clear, transparent watery 
fluid, which has gained them the name of lymphatics {Jympha, 
water). This transparency both of themselves and their con¬ 
tents, caused the discovery of them to be delayed for some 
years after the lacteals were known. Rudbcck seems entitled 
to the honour, though JolifFe and Bartholin have their several 
supporters. Since their time, some of our countrymen have 
been amongst the most distinguished investigators of the 
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absorbent system. We may mention Dr. William Htmter, 
Monro Secnndus, Cruikshank, and Hewson. 

The l^mphatica have their origin by open months on all th© 
snrfeces of the body. Thus they commence at the pores of 
tile sKih, on the internal surface of the bladder^ in the cavity 
of tile abdoftien, &c. They arc generally arranged in two 
principal series, the one just beneath the skin, the other deep 
among tlie organs of the body. They almost all tend towards 
the thoracic duct, where their fluid is mixed with the chyle, 
and conveyed along with it into the subclavian vein. Mr, 
Bracy Clarke, however, has noticed the important fact, that 
soi|ie of them discharge themselves into the veins nearest them 
without passing by this longer route. As the lacteals pa^ed 
through glands, so also do the lympliaJbics and some of these can 
frequently be seen fonning a knotty chain along the necks ot 
children afl'oeted Avith scrofulous diseases. As they advance, 
the lymphatics unite to foi-ra larger trunks, hut not with the 
same regularity as the veins, for sometimes after uniting, we 
see them again divide. Finally, however, they are reduced to 
three or four great trunks, which run to the thoracic duct. 
This duct is a vessel of considerable size, and arises from the 
union of the lymphatic tnmks of the lower extremitifs with 
those of the abdomen. At the place of junction there is gene¬ 
rally observed a dilatation like the bulb of a thermometer-tube, 
and this lias got the name of recejytticulum ehylL Tliis is more 
distinct in the dog and the turtle than in man. The duct is 
sometimes double, or divided into many brandies, to which 
attention should he paid in maVing experiments, as persons 
tying one branch have occasionally proceeded to argue as if, by 
that, they had totally prevented the chyle from entering the 
blood. 

It w as the opinion of the old anatomists, tliat absoiption 
took place by the veins, but the discovery of this system oi 
vessels operated a material change. The lacteals evidently 
took up the chyle from the intestines; from analogy it was 
concluded tln n that the lymphatics took up their contenta 
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&om the several surfaces on which they opened. Thus mer¬ 
cury rubbed on the skin will produce salivation; other medi- 
dnal substances, narcotic or purgative, may be made to produce 
their appropriate effects in the same way. Through what 
channel could they reach the system, if not through the 
lymphatics? In consequence, the name of ohsorbeMs was given 
to these vessels as indicative of theii* action. The old doctrine, 
however, was not altogether resigned, and many believed, that 
though the lymphatics did absorb, yet they were very much 
assisted in their function by the veins. And this is nearly the 
opinitm held at the present day. For a time the veins were 
completely excluded from all co-oporation. John Hunter 
filled portions of the small intestines with milk, which he con¬ 
fined so as to i^roduce a degree of distension of the part; the 
milk was quickly observed to distend the lacteals, but no trace 
of it could be found in the veins. Similar experiments were 
made on other parts. He poured a solution coloured with 
indigo into the peritoneum, and saw the lymphatWs fill them¬ 
selves with it; so that the question M'as copsideretl as finally 
set at rest. But M. Magoudie has rendered the old opinion 
again probable, and sliovvn it to be likely that the veins do 
absorb. In an experiment made along with M. DelUle, he 
divided all the parts <^f a dog’s leg except the artery that 
earned the ]>lood to it, and the vein by which it was returned* 
He then inserted into the paw a quantity of upas poison; in 
four minutes its etteets >vere visible on the iinimal, and in ten 
minutes it proved fatal. In this case it was supposed that no 
commuiiieation could exist between the paw^ and the body of 
the animal, except through the vein; and therefore, that here 
the vein must he admitted to have been the absorbing organ. 
But tis it was suggested to him that lymphatics generally 
accompanied the coarse of veins, and that it might be said 
some small ones had crept up along the coats of the vessels 
which he left undivided, he determined to make his experi¬ 
ment totally unexceptionable. With this view he made the 
preliminary steps as before, and having introduced two smfdl 
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tubes into the vessels, he completely divided them, so that the 
only connexion now remaining was the current of blood pamm^ 
through those tubes. The poison, however, produced the 
same effect as before. This seems decisive, yet there are still 
sources of error. If he inserted the poison, as would appear 
possible from his account, into a wound made in the paw, it is 
clear that he might then have been introducing it into the 
blood through the open extremity of a vessel, but this would 
not be the vein, in its natural condition, absorbing. It is also 
possible that some lymphatics might have existed in the paw^ 
which, in place of running towards any trunk leading to the 
thoracic duct, discharged themselves into the nearest vein, 
and that thus the vein merely conveyed the blood, while the 
lymphatic absorbed it. Mr. Abemethy traced lymphatics to 
veins. Those who feel interested in pursuing this argument 
further, will find good accounts of the experiments made on 
each side, with remarks on the sources of inaccuracy to which 
they were liable, in Bostock’s Physiology^ or Elliotaon’s edition 
of Blumenbach’s Physiology, a work of all others the most 
likely to interest and instruct the medical student. 

To us it appears clear that the lymphatics do absorb, 
whether they are assisted by the veins or not; and as the 
lactcals continually carry into the circulation new particles, 
which, being deposited in different jmrts, serve for the nourish¬ 
ment of the organs; so the lymphatics constantly take up 
from all parts of the body those particles, which, having per¬ 
formed their duty, are now superfluous, and convey them also 
to the circulating current, where, by a new process, they are 
fitted to undergo new combinations, or else are expelled from 
the system by means of the secretor}’' organs, That this 
change is really going forward we have the clearest proof from 
Du Hamel’s experiments on bone. Ho fed a pig with madder 
for a few days, and found its bones deeply tinged of a pink 
colour. Confining it then to a different food, the pink colour 
went off. On examination it was found that the pink colour 
adhered to tl.e earthy part of the bone, and consequently that 
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ibis, the hardest material in the body, was deposited and ab¬ 
sorbed within a very short time. Now the deposition is made 
from the minute branches of arteries, the absorption by the 
lymphatics. The two processes are going on together, and ki 
due proportion to each other. Should cither preponderate, 
disease is the result. Thus, should the fluid that constantly 
moistens the serous sacs be exhaled faster than absorbed, a 
Collection of it takes phice, constituting dropsy. On the other 
hand, should the absorbents at any particular part of the sur¬ 
face take away faster than the arteries lay down, a breach of 
continuity is the consequence, and an ulcer is formed. Advan¬ 
tage of tliis is taken in treating certain tumours, from which 
a firm and equable pressure cuts off or diminishes the supply of 
arterial blood necessary to their growth, while the absorbents 
continue to remove. The tumours are thus rapidly diminished, 
and disappear. This end is accelerated by the use of bleeding, 
low diet, and other means calculated to diminish the power 
with which the blood is sent towards the diseased part. Ab¬ 
sorption is also of so much use in determining the figure of the 
body, that John Hunter used to call it “ the modelling pro¬ 
cess.’^ When a bone is broken, and the edges placed together, 
they are found, after a time, united by a hard irregular bony 
mass, forming a protuberance, like a won, around the regular 
bone. The more distant the period at w'hich we examine it, 
the less we find this protuberance, until at last it is completely 
moved, and the whole bone restored to its original shape. 

How far matters can be absorbed from the skin has given 
rise to some controversy. We before mentioned that certain 
medicinal substances proved efficacious wlien applied to it, but 
as, in tliese cases, friction is always used, it is doubtful how 
far this might have tended to lay bare the extremities of the 
vessels, and even have forced some of the matters into them. 
It was asserted that the simple immersion of the body in water 
gave an addition of weight, in consequence of some of the fluid 
being absorbed. This was denied by Seguin, who maintained 
that while the skin remained entire no absorption could take 
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&om the surface; and he ingeniously attempted proving his 
opinion by immersing the body in baths holding in solution 
certain salts, which if taken into the system, would manifest 
themselves by their peculiar effects. For instance, he used 
solution of corrosive sublimate, wliicb, if absorbed, would pro¬ 
duce salivation. This he never found to occur. 

Dr, Currie accurately weighed a person before and after 
immersion in a warm bath, without detecting any difference ; 
he therefore concluded there liad been no absorption. Dr. 
Bardsley made the same experiment, with the same result, but 
drew a directly opposite conclusion; for, said he, as under such 
circumstances the exlialation from the lungs must be much 
increased, the absorption from the surface must evidently be 
great to counterbalance it, else there would be a loss of weight. 
Dr. Edwards has embraced the same side, and, by the accuracy 
of his experiments, seems to have decided the question. He 
experimented on a lizard, previously reduced by exi) 0 sure to 
air, ■vvliich had caused a gi'uat loss of its fluids by transpiration. 
He then placed it in water, so as to immerse only the tail, 
hind legs, and hinder p/irt of the body. It was afterwards 
weighed at distant intervals, and found gradually to liave 
increased in weight, until it liad regained its original size and 
plumpness. This absorption was not mere imbibition, limited 
to the surface; the water penetrated deeper, and was distri¬ 
buted through the system*. 

^ 1*1. M. Dutroclipt put some albumen, or white oi egg, into a wide gbisa tube, 
aaid caxefully poured water upon it from abovi ; but the lino of demarcation 
between the two fluida remained distinct; therefore, albumen lias no affinity for 
water. M. 3 Hitroehet, howover, separated the. same Jlunit, bp a tneinbrarn t aoA. 
the water pasted across it, andspc‘e<lily mixed with the albmneii. 2. M. Dn- 
trochet took the blind-gut of u dneken, filled it half-full with IJXJ grains of 
milk, and having carefully tied up itj open extremity, immersed tlic whole in 
water. At the end of thirty-six hours the bog was quite swollen, 117 grains of 
water having been imbibed. Prom this period a gra4iual dimtnutioft of weight 
took place; in thiity-eix hours fifty-four grains of watery fluid had passed out of 
the little bag, and the milky fluid which remained had become putrid. So long 
a« the fluid within was denser than that without, alworption or imbibition con¬ 
tinued; but no sooner had decomposition lendered u jiortiou of the milk thinner 
and more limpid than tbo water itself, than that portion was iwnrcd out into the 
Burroimding medium. There is a large class of expcrimentul facts latnnar to 
the above, m all ul' which a more limpid fluid will pass across any organic meaa- 
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There are one or two other facts which tend the same 
way. In diaheted, the weight of urine pa^d in twenty-four 
hours, sometimes exceeds the weight of food and drink taken, 
hy more than the loss of weight in the body during the same 
time. Whence, then, can the surplus be derived, bul fipom 
absorption? The practical application of the doctrine is often 
witnessed at Newmarket, where a jockey who is anxious to 
keep himself below a cci'tain weight, to which he very nearly 
approaches, will, on the morning of the race, much more 
I'eadily eat a hearty meal than venture on a glass of spirits, 
the stimulus given by which to the action of his absorbents 
would, he well knows, particularly if the air be damp, soon 
put him beyond his appointed bounds. 

We have now traced the food through its various stages. 
We have seen it chewed and mixed witli saliva in the mouth; 
swallowed by the muscular iietion of the pharynx and gullet; 
mixed with a solvent j nice in the stomach, and gently acted 
on by its vermicular motiou, until converted ilito a pulpy 
grayish matter, termed chyme; passed from*tliat into the 
denumf where, by the action of the bile and pancreatic juice, it 
was separated into chyle and excrement; we observed the latter 
as, urged on by the peristaltic motion of the small iutestines, 
it proceeded, gradually losing its fluid pai*ticlcs, and becoming 
more consistent as it approached the rectum, from which it 
was discharged; returning, then, we saw the chyle taken up 
by the numerous mouths of the lacteals, opening at the sum¬ 
mits of the mUi of the small intestines; from these it pas^ 
into the mesenteric glands, the office of which is not well 

lixane to mix with ono that is loss so. 3. M. Poiseuille cudoavoured to inhx)- 
duoe water into glass tub^ of an extremely small calibre, but invariably failed. 
No eoonor, however, liud he thickened the water with albumen, or gum, or 
gelatine, than the denser fluid readily traversed the same tubes, through which 
no artifioial power could force it in its pure and lim^d state. 

The first of these experiments teaches us that the teniiity of external media 
is one essential condition of their absorption by organic memlnunes; and the 
second that the same condition is necessary for tlie excretion of the some. The 
third experiment tells us that the viBcidity of vital fluids, so far from clogging 
the extremely minute conalB through which they pass, as our preconoeived ideas 
had led ns to suppoee, is, indeed, ono essential condition of their oiroulatUni.] 
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understood; afterwards into the thoracic duct, by which, 
finally, it was conveyed into tlie current of the blood. 

Our next inquiry, therefore, must be into the nature of the 
blood, the means by which it is supplied to all parts of the 
body, and the uses to wliich it is supplied. 


Chapter VII. 

THE BLOOD. 

If we take a frog alive, and place his foot under a good mag- 
mfier, taking care to spread out the toes, so that the light may 
traverse the fine web between them, we shall distinguish the 
blood flowing through the vessels by which the part is sup¬ 
plied. After the eye is a little accustomed to this novel and 
pleasing speStacle, in which we detect Nature, as it were, en¬ 
gaged in her secret works, we begin to observe that matters of 
different kinds seem to pass through the vessels. Towards 
their sides is a thin w'atcry current, generally limpid and 
colourless, while in tlieir centre, apparently home forward by 
this current, is a column, more or less dense, and formed of 
jelly-like globules, irregularly collected together. Should any 
impediment to their onward passage occur, they become col¬ 
lected in numbers at the place of tlie obstacle, the vessel is 
distended, this distension causes pain, tlieir numbers produce 
increased redness, the effort to get them forward calls forth 
increased action of the arteries, giving a feel of throbbing, 
more blood is sent to tlie place, more heat given out, and the 
whole part swells. Such a condition of the part is called In¬ 
flammation. From this inspection we have learned that the 
blood consists of tw'o very different parts, the watery fluid, 
and the globules, or little round balls of jelly-like matter that 
ewim in it. As long as the blood continues in circulation 
these two parts continue mixed, so perfectly, as to present the 
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appearaDce of a simple fluid, generally red, but vaiying in its 
shade in diflerent animals, and also in different parts of the 
same animal. But when withdrawn from the circulation, and 
allowed to stand, it soon affords a proof that our microscopes 
did not deceive us, by separating into two portions,—fluid, 
termed s&rum, and the solid, formed by the coagulation op 
running together of all the globules, to which the name of 
crassamentum or clot is given. The redness we And all en¬ 
tangled in this latter, leaving the serum free, and nearly 
colourless. 

So far we have an analysis made for us by nature; we are 
now obliged to call in the aid of ait. 

The clot floats in the serum, so that we can take it out; 
and Y)y letting it drain, have it almost <iuit6 distinct and sepa¬ 
rate. In this state it appears a rod spongy mass, the colour 
and consistency being generally best marked towards the 
bottom. If we now expose it to a stream of water, we shall 
soon see the colour washed away, and nothing lefr but a white 
jelly-like mass, to whicli the name of is given. It, is 

evident, then, that the globules of blood consist of two ports, 
to the one of which it owes its consistency, to the other its 
colour. We may separate them in another way, wliich Ruysch 
fli-st taught us. He used to stir, with a small bundle of twigs, 
the blood wliilo congealing: the pure and colourless fibrin col¬ 
lected on the twigs, while tlie colouring matter remaiued 
behind, mixed up with the serum. It was from the fibrous, 
stringy appearance assumed by the coagulated part in this 
experiment that it obtained the name of fibrin; the colouring 
matter has since been named by the French licmatosine (from 
aifia, blood). The next point was to consider how the little 
globules we liave mentioned came to fonn fibres or strings. 
This has involved so much microscopic investigation and dis¬ 
cussion, that we almost fear to enter on the question, particu¬ 
larly as we consider such investigations to be peculiarly liable 
to error. The idea most ordinarily followed, mid which is 
supported by Sir Everard Home, M. Bauer, MM. Prevost and 
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Dvanatt, and othetsi, that the globule is formed of a oenteal 
part, which is tiie trtie or imnmmded by an anre- 
lope of colouring matter. Globules, aimilar to the central part, 
arc to be found in the ofy/e. This also contains serum, ther^ 
fore nothing is wonting to form it into blood but the colouring 
matter, which it is supposed is given by the lungs. According 
to others, the colouring matter forms distinct globules, and, in 
addition to both these, M. Bauer has discovered a third kind 
of globule, formed altogether of lymph. This is the most 
important part of the blood. From its plasticity it seems 
eminently adapted for closing up bleeding \ essels, uniting ports 
that have been separated, and repairing such as have been 
injured or destroyed. In consequenee of its general utility, 
we find it generally diffused. Globules are found, and coagu¬ 
lation takes place ])ei-fectly in the blood ot the lobster and 
other white-blooded animals, in wliich the colouring matter is 
totally deficient. Previous to coagulation a vapour is given oft 
by the freshly-drawn blood, which has a a ery peculiar smell, 
and is found to consist chiefly of ■water, holding in solution 
some animal matter, which gives it a great tendency to jiutrefy. 
When coagulation commences, the or (.(‘iitie parts of 

each globule, exert, according to Sir E. Home, a mutual attrac¬ 
tion. They burst from thtir coloured euveloja*, and run 
together in an irregular manner, but so quickly-, as to entangle 
the coloured cm eioi>es, wliich are thus made parts of the clot. 
The mode in which the globules ran togttlier in M. Baucris 
microscope is thus represented by himself. 
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,' ^ Struck' hy appeanttiiee of elosgatiou produced \fy some 
of these ooUectioDS di globules^ and aw^ that the chemical 
composition of fibrin aud miucular fibre was the same, Sit 
£)verard Home induced BaUet to extend his inquiries to 
the formation of this latter. The difficulty of procdting a 
eingle fibre caused some delay, but at last one %as procured 
fipom the thigh of a roast chicken, and on being submitted to 
the magnifier, presented exactly the 
idshed-fw' appearance of a number of 
globules, connected together in a right 
line. 

The whole theory was, therefore, 
clear. The blood was thrown out from 
the extreme vessels; the globules co¬ 
agulated and attracted one another, so 
as to form fibres; and, that nothing 
might be wanting, MM, Prevost and 
Dumas passed an electric shock through 
fluid Idood, by which its coagulation 
■was much hurried, and this sinking to¬ 
gether of the globules was declared 
analogous to the contraction of the 
niuscde; >Yhile Dr. Wilson Pliilip seemed to wind up the 
demonstration, by showing tluit the nervous influence was 
similar to the electric fluid. But not content 'Vidth discovering 
the mode of formatum of a single fibre, Sir Everard went on to 
sh(»w how this same blood, Avlicii effused and coagulated, can 
become organized, intersected witli blood-vessels, and capable 
of forming a living bond of union between two parts of the body 
that had been separated by a cut or wound. We know the 
first effect of a cut is to cause an effusion of blood, which gene¬ 
rally continues until some of it coagulates in the wound, and 
thus stops up the ends of the bleedbig vessels. If tlie wound 
be then covered up and kept quiet, it will rapidly heal; if the 
opposite sides of it be not quite in contact, they will appear 
united through the medium of the lymph or the effused 
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blood, and the whole will be covered over by a new skin. The 
^fmphy on examinaition, appears intersected with blood-vessele; 
it is hteeforth ^^living solid, and partakes of the nutrition of 
the parts. How has this occurred? 

In^making observations on the growth of certain plants, M. 
Bauer obser^, that occasionally a little bubble appeared on 
the side of the young root, surrounded by a viscid slimy sub¬ 
stance; tko bubble would then burst with force, so as to 
extend the slimy matter to the length required for a little 
fibril or rootlet; the gas liad passed through the centre of it, 
so as to make a tubcj and the slimy matter instantly coagulated 
round this. It struck Sir E. Home that the vessels in the 
newly tlixown out Ijmiph might be formed in the same way. 
This gas M. Bauer ascertaiued to be carbonic acid; and Dr. 
Maude had shown that the same was given out by blood w’he^ 
coagulating. Could it then be applied to the same use ? Sir 
Everard set to work. He punctured liis arm wdth a lancet, so 
as to drawn drop of blood, which was 2*eceived into a watch- 
glass in a fluid state, aud placed in tlie field of the microscope. 
The eye was then kept constantly fixed on it, to note the 
changes that might take place. The first thing that happjned 
was the formation of a film on tlu^ siiiface,^that part beginning 
to coagulate sooner thamthe rest. In about five minutes some¬ 
thing was seen, to be distinguislied in different parts of the 
coagulum, beginning to show itself where the greatest number 
of globules was collected, aud from thence passing in every 
direction, wdth considerable rapidity, through the serum, but 
not at all interfering with the globules themselves, which liad 
all discliarged their colouring matter. Wherever this extri¬ 
cated matter was can-i'jd, a net-work immediately formed 
thrp.ugh every part of the coagulum. 

The annexed plate gives the exact representation of tlie 
appearance the drop of blood put on, when coagulated, as seen 
in the field of the microscope. 

All this net-work here represented was made by the car- 
' bonic acid extricating itsdf duiing coagulation. It presents, 
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therefor«f, so many ready- 
formed tubes, fit for the 
reception of any blood 
that might be poured out 
near them, and, therefore, 
prepared to carry on the 
circulation of this newly- 
organiised j>art. 

We have gone thr<mgh 
;these speculations of Sir 
E. Home, because they 
are ingenious and con¬ 
nected, and will serve to 
give our readers an idea of the usual style of such investiga¬ 
tions. It is clear, however, without going into a fcffnial refu¬ 
tation, that he has scarcely got beyond a bare probability. 
Almost every one of his facts have been denied or questioned 
by men equfilly accurate, and equally able. Dr.^oung, sup¬ 
ported hy the late observations of Dr. IJodgkiu and Mr. Lister, 
assures us that the glo])ules are no globules at all, hut little 
flat rounded cakes, with a depression in tlie centre. They also 
deny that they arc comi>ose(l of a nucleus and envelope. This 
central depression, the Abbe Torre magnified into a pcifowrtion, 
and concluded that they were neither globules, nor flattened 
circular bodies, hut rings. He made his obseiwations with 
little sphericles of glass, formed hy dropping melted glass into 
water, and it Wiis the peculiar form of his instruments that led 
to the, error in his observations.* Many authors have conjec¬ 
tured that these globules alter in shape, narrowing themselves 
to enter tlic minute capillary vessels, and again resuming their 
rounded form when they reach the wider passages; while 
Haller and Spallanzani have not been able to distinguish any¬ 
thing but an uniform fluid in the capillaries, from which M. 
de Blainville draws the conclusion, that the globules terminate 
by being dissolved into a soft, viscid, plastic mass, before they 
are finally applied to the purposes of the formation of muscular 
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fibres, or the repairing injured parts. This at once puts an end 
to the idea of muscular fibres being made up of ^obules, whkh 
idea is indeed equally refuted by the microscopic observations 
of Dr. Hodgkin and Mr. Lister. The size of the globules 
has l)ean a j^olnt equally disputed, and they have been stated 
at almost every size from the TTjffxrfh down to the Tossoth part 
of an inch. Sir Everard Home made two obser^’^ations; in the 
first the globule appeared jcoTsth part of an inch in diameter; 
in the second, iTt'cvth, Such a remarkable difference might 
appear sufficient cause for repeating or altering the observations, 
hut Sir Everard took an easier way, and assuming ss’acth the 
mean of his tioo observations, made tliat the standard size for 
all the globules of the human blood. 

The size of the globules varies in different animals, but this 
variation -bears no relation to the size of the animals. The 
shape also varies, as we are told they are elliptical in fishes, 
reptiles, and birds. Dr. Young found them of an almond shape, 
and extrenUdy large in the skate; Rudolplii found them more 
or less oval in tlie common fowl, and many amphibia; Hewson 
found them larger in the foetus, than in the adult animal; and, 
•what was very singular, Prevost and Dumas found those of the 
chicken to be circular until about the sixth day, u'beii some 
elliptic globules first appear, and in a few days more not a 
single circular one can he found 

The colouring matter of the blood has been much studied, 
and is little understood. It lias been most usual to attribute 
it to certain salts of iron, which, dissolved in scrum by the aid 
of an alkali, were said to jirodiioe the exact tint of the blood. 
Tliis has been denied, and even the presence of iron in the 
blood doubted; but it jseems fully established, by the experi¬ 
ments of Berzelius aiid Engeihart, that it dot!s exist, and is 
connected, not with the fibrin or serum, but with Jmmatosine, 
They conclude, therefore, that though in very small quantities, 

C* The hluocl globules of mammals are considered to have the fonn of a circu¬ 
lar lens, with the exception of those of ruminants, which M. Mundl states to ho 
elUptioal.] 
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not exceeding one-half per cent.| it must he in some way con¬ 
nected with the colour of the blood, but in what way they 
could not decide. Dr. Stevens has since suggested that the 
colouring matter is a peculiar animal principle, containing a 
large proportion of carbon, to which we can only say, w§ think 
it very possible; perhaps in his future researches he would 
consider how far tlie bronchial glands, which we find constantly 
black with carbon, may contribute towards the formation of 
this principle. It is at any rate not an essential part of the 
blood, for many lower animals, such as insects, mollusca, and 
Crustacea, are very well nourished by a blood that has no 
colour. Parts also of the human body are supplied by vessels 
80 small, that they convey nothing more tlian the pbistic lymph 
of the blood, rejecting the coloured particles; sucli ore the 
serous membranes, and certain coats of the eye. It is only in 
cases of inflammation that these vessels become dilated, so as 
toAdniit red particles. Every one knows this to occur in a 
hlood-skot eye, » 

The serum is the remaining part of tire Idood after the 
fbriti and colouring moMer are removed in a clot. It is a thin 
fluid like wliey, with a slight yellowish or greenish tint, unc¬ 
tuous or slip})ery between the fingers, and containing a certain 
proportion of salts. When exposed to a heat of 150° (Fahren¬ 
heit), it soon becomes opaque in consequence of the albumen 
which it contains being coagulated. This albumen differs in 
little from the lymph or fibrin, except in being fluid. Their 
chemical constitution is almost the same, and tliey are applied 
to the same uses, the nourishing of the body. The albumen 
or white of egg, is in fact the earliest nutriment of the chick, 
and tlie same principle is also found in tlie seeds of plants, 
affording tlie earliest materials for their growth before the root 
has established a connexion with the earth, or the leaves with 
the air. It may be discovered with a microscope in tlie serum, 
under the appearance of little unformed flakes; these liavo 
been observed to form slowly into colourless globules, and even 
have been found, towards the close of exhatisting liteinoiThages, 

u 2 
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to coagnlate spontaneously, and forming a clot at the mouth 
of the vessels, to terminate the bleeding. This interesting feet, 
first noticed by Dr. Macartney, fully confirms the view started 
by Berzelius, that albumen and fibrin are merely modifications 
of the same substance, less perfect in the former, more perfect 
in the latter. 

There is still another constituent in the blood, termed 
scrosity. This is procured by pressing the albumen tlxat has 
coagulated, when a certain portion of a thin watery fluid, 
holding in solution animal matter and a little salts, exudes. It 
is well known under the name of gravy, and is seen to run out 
on cutting meat that has been dressed. We thus see that the 
blood in the higher orders of animals, is a very complicated 
principle, complicfited in pro])ortion to the number of diflerent 
organs it has to maintain, and the different secretions for which 
it must supply matter. Its importance to the wliole frame is 
well known; it penetrates cvev}'^ tissiie, affords them the ma¬ 
terials nccefeary for their growth, and the stimulus that enables 
them to act. Without it the nerve could neither feel nor 
convey the commands of the will. When, in sitting, we press 
on the nerves of the thigli, so as to impede tlie passage of the 
Itlood into them, the leg and foot lose all sensation and motion, 
they become what is commonly termed asleep. When wc rise 
or shift our situation, so as to take off the pressure, the blood 
commences to flow again, and our first perception of its return, 
as our earliest perception of life, or the first sensation of a man 
recovering from drowning, is accompanied by pain. There is a 
disagreeable, unpleasant, pricking feci, commonly kuowm as 
*‘pins and needles,” which is produced h^^ the blood re-entering 
the minute vessels. If this impediment to the flow of blood 
be continued, the part dies. Oii this principle surgeons act 
when they remove certain excrescences, by what is termed 
“ ligature.” They tie a string tightly round the neck of the 
excrescence, so as to strangle the vessels going into it from the 
body; the excrescence, no longer supplied with blood, dies; 
and as dead matter cannot attach to living, it sloughs^ and is 
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cast off. So true is it that “ the life of all flesh is the blood 
thereof.” The quantity of this fluid contained in the body of 
an adult has been very variously estimated. Allen makes it 
scarcely more than eight pints; Harvey, nine; Borclli, tw^ty; 
Haller, thirty; Riolan, forty ; Hamberger, eighty; ISeill, a 
hundred! The former, Blumcnbach says, are evidently much 
nearer the truth. It is evident, Iiowever, that any arbitrary 
statement of tlie quantity of a fluid,- which probably varies 
after every meal, must be incorrect, and merely allowed as an 
approximation. The fluids of tlie body are generally considered 
as forming ftve-sixths of its whole weight, and the solids only 
one-sixth; perhaps, indeed, the proportion of fluids may be 
fairly set down as still greater. Sir Josepli Bunks had sent him 
a perfectly dry mummy of a Guanche, from the island of 
Teneriffe, whicli, tliougli perfect, and containing all the intes¬ 
tines, weighed but seven pounds and a half. The bodies of 
persons overwhelmed hy the sands in the Arabian desert are 
also occasionally found, which, from the parching .vature of the 
soil, have been dried up so suddenly as to allow no time foi 
putrefaction, and these are said to weigli generally ten to twelve 
pounds. When containing all their fluids, they probably did 
not fall short of a hundred or a hundred and twenty. Now all 
these fluids either were blood, were intended to be such, or had 
been such; that is, existed .in the state of c/iyl€, or matters 
taken in by the absorbents, and which were on tlicir way to 
enter the circulating fluid; or having entered it tlirough tlie 
veins, and undergone the action of the heart and lungs, appeared 
as perfect blood in the arteries; or, filially, being conveyed by 
those arteries to the several secretory organs, had been separated 
in the fonn of secretions, such as the bile, urine, &c. But as 
we do not know the proportion whicli the first and third of 
these classes bear to the second, we cannot from this deduce 
anything respecting the quantity of blood in the circulation. 
The usual estimate is from fifteen to twenty pints; we have no 
means of giving a more accurate valuation. 

Variations in the quantity of the blood are productive of 
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many and seriotis diseases. When it is not formed in sufficient 
abundance, as may arise from derangement of some part of the 
digestive oigans, we see emaciation and debility come on; or 
the sudden withdrawal of a poi-tion of it, by the operation of 
bleedhfg, will cause fainting and temporary weakness. A 
superfluity of’ blood is equally dangerous. This is termed 
plethora*y and most usually occurs at the period of life when,, 
the body being completely foriued and knit, there is no further 
demand for the supplies which a powerful digestive system 
still continues to furnish in the same abundance as before. If 
these are not worked off hy active exertion, or diminished by a 
moderate and temperate diet, the blood becomes too rich and 
copious, and Nature attempts often to relieve herself hy dis¬ 
charging a portion of it. These discharges more commonly 
take ijlace from the nose, or from the extremity of the intestinal 
canal, under the fonn of bleeding piles, and are most usual in 
persons of about forty or fifty, \vho use little exei-cise, and 
indulge freely in the pleasures of the table. Should the dis¬ 
charge, however, take place from the small vessels of the brain, 
the efliised blood will press on the brain, and cause those pre¬ 
liminary apoplectic attacks that often occur about this period. 
The tendency to these is much increased by the use of stimii- 
laiang liquors, hy fits of passion, or by wearing tight neck¬ 
cloths, which, pressing on the jugular veins, prevent the free 
return of the blood from the head, while the arteries lying 
deeper, are not affected hy the same pressure, and continue to 
supply the liead in the usual quantity. 

Another mode in which the superfluous blood is got rid ot^ 
is hy being employed in the deposition of fat. It was the old 
idea, that fat was secreted by certain glands destined for that 
purpose, but as no such glands can be discovered, it is now 
allowed that it is formed in the circulation, and deposited from 
the sides of the vessels, more particularly the veins. It exists 
in a great variety of forms, as oil, inai iow, fat, spermaceti, and 
suet, which all contain the same principles, and only differ in 

^ j from to fill, to inundate. 
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solidity. These principles M. Chevreul, who has particulaarly 
investigated tliis subject, has tcmed ela’ijie* mdstearinef; the 
predominance of the former renders the compound more fluid>— 
of the latter, more solid. That it is deposited from the sides of 
vrins, we can, in some measure, satisfy ourselves, by exanrining 
at any butcheris stall, the caul of a lamb, whiclf is generally 
spread over it as an ornament. We observe the fat here 
not uniformly laid over tlie entire surface, but deposited in 
stripes, or ribands, taking different directions, meeting together, 
and again parting, so as sometimes to approach the appearance 
of lacio. In the centre of each of these ribands we shall find a 
vein run riiiig, and the deposition first takes place round its cir¬ 
cumference, from w’hich it gradutdly spreads out. This depo¬ 
sition, also, is most abundant in those animals in whom the 
venous Idood hears a large proportion to the arterial, such as 
the whale-kind, where we always find an immense quantity of 
blubl»€r undemcatli the skiii, and in the c(ickal<it^ or spermaceti 
whale, a collection amounting sometimes to eighte^ai or twenty 
tons of the fluid fatty matter, from which if derives its name,, 
and ■which occupies two large caverns on the upper surface of 
its head. In the high-flying birds, in whom, on the contrary, the 
arterial blood is more abundant, fat is rarely deposited. It in¬ 
creases in those which nestle on or near the ground, and make 
less distant excursions; such are the partridge, the bam-door 
fowl, and many small birds. In water-fowl the quantity of 
venous blood again predominates, as the darl^ness of their flesh 
■would indicate, and we well know the quantity of rich, rancid 
fat, often found in their bodies. Wlien to this natural dispo- 

* From sX«<ov, oil; as remaining liquid at ordinary tempemtures. 

t From ersa^j suet; wliie}i, in siicli cirrumstanees, is solid. Advantage has 
been taken of this to separate tiiese two principles. If common oil he exposed to a 
low tcnipcmtare, its Ktearinc congeals, while the flairtf remains liquid, and noay he 
separated from it by pressing between folds of bibulous paper. In this pure form 
it is used In greasing the wheels of wuiches and other delicate machinery, which, 
wlicn oil was used entire, wore often clogged and stopped by the congelation 
of the stconne, consequent on the first wintor cold. This is one reason why 
watches are more liable to stop at night, when laid on a table, than during the 
day, when they ore worn about the person. 
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sition we snperadd a state of perfect rest, when we bind an un¬ 
fortunate goose in a hot close situation, debar it all motion, put 
out its eyes to prevent the entrance of any excitement from 
without, and then cram it with food, under these unnatural 
circuiftstances the liver becomes diseased, it swells, a rich oily 
fat is deposited around and in its substance, and it forms that 
delicacy so highly esteemed by the gourmand, but which should 
be abhorred hy every man of humane feeling, the far-famed 
** foie gras de Strasbourg.” 

Fat is also formed abundantly in such animals as remain 
torpid during the cold weather. A little before the approach 
of winter they feed voraciously, and the fat collects in enormous 
quantities, chiefly about the intestines and mesentery, from 
which it is easily absorbed, and carried off for the nutriment of 
the system during the long sleep, when no sustenance can be 
supplied from without. That such is its use, is evident from 
the fact, that however fat and plump they may have retired to 
their dormitories, they always re-appear tliin and emaciated. 
Persons employed in hunting the bear for the sake of his grease, 
know that this is always collected in most abundance towards 
the close of autumn. The fur, a more important object, is Ldso 
in perfection at the same time, or perhaps a little later, when the 
autumnal moulting is over, and he is completely furnished with 
his new winter-coat. Irreguhar accumulations of fat in different 
parts of the body occur in several animals. Of this nature are 
the humps on the back of the camel and dromedary, wliich, 
like the internal collections in anhnals that lie torpi<l, become 
much diminished when no food has been taken for some time; 
this would seem an additional provision to fit the camel for 
traversing “ the harren” as well as “ the dry land.” The hunch 
on the shoulder of the bison is nearly of the same description, 
'mixed with much gristly matter, and is esteemed by the 
American Indians a high dainty. A very savoury description 
of the mode in wdiicli it is dressed, tilong with an aniiqated 
account of a bison-hunt, occurs in one of Cooper’s tales; and it 
is pleasant thus to find a fictitious scene based on the reality 
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of nature,—the colours of fancy adorning the ground-work of 
observation. 

Tile Ckm cheep, it is well known, have tails of such enor¬ 
mous B^, as to require to be supported on little carriages, 
which Aey trail after them; the Bosjesman women, inhiAiting 
nearbfthe same country, have similar fatty depositions on their 
buybks, of which the person exhibited under the name of the 
Hwtentot Venus afforded a well-known example. She died in 
Paris in 181/5, and M. Cuvier, who had the opportunity of 
examining, reports that the enormous protuberance consisted 
altogether of an elastic tremulous fat. It is singular that the 
same is found in certain of the monkey-tribe, as for instance 
the mandrils, inhabiting Guinea; and it would appear that in 
neither case does this collection commence until the female 
has become a motlier, or at least arrived at the age of puberty. 
General obesit}’^ is more frequently met with in the female 
than in the male sex. Tins may, in part, he attributed to 
their more sedentary habits, hut must also he i:»fluent*ed by 
the greater quantity of celhilar structure in their bodies, 
which we know to he the most usual place for its deposition. 
Theyjwould ajipear, also, to liave a greater proportion of venous 
blood, and this, in sucli persons, is fomid loaded with a rich 
oily matter, that requires only to be poured from the sides of 
tho vessels to harden into fat. De Blainville, who has adopted 
tliis idea of the origin of fat, mentions a singular fact'in sup¬ 
port of it. lie was engaged in dissecting an elephant that had 
died at the Jardin dcs l*lantcs, Th(i animal had been long 
domesticated, highly fed, and, in consequence, liad died of 
apoplexy. He was making some examination by the side of 
the jugular vein, which he chanced to exit slightly; return¬ 
ing the next da}", he found that a certain quantity of blood 
had flowed along the neck. But what struck him most was, 
that the liquid had deposited to the right and left along its 
whole course a quantity of fine, w’hite, greasy-looking matter, 
which he analyzed with great care, and found to be perfectly- 
formed fat. This he looks on as conclusive, that fat is not 



170 


THE BLOOP. 


fonued by gltmds, but in the circulation, and exuded then 
from the sides of the vessels. 

Remarkable cases of corpulence have, from time to time 
been record^, A man who was sliown at the Pahiis Royal, 
weighed five hundred pounds, and was almost as broiwi as long, 
Mt, Bright, (S’ Maldon, in Essex, died in the 00th year of liis 
age, and had then arrived at the enormous weight of forty-four 
stone, or six hundred and sixteen pounds. He was five feet 
nine inches and a half high, measured round the chest, just 
under the arms, five feet six inches, and romid the belly six 
feet eleven inches. But the fattest person of whom w'e have 
authentic account was Daniel Lambert, of Leicestershire, who 
died at the age of forty, weighing seven hundred and thirty- 
nine pounds. Such men are seldom of extreme sensibility; 
the extremities of the ner\’'es seeiu lost in the prodigious accu¬ 
mulation, stlieir acuteness of sensation is blunted, and the 
mental feelings generally exhibit similar obtuseness. The dis¬ 
position is ♦ften easy and eonteiited, they have none of the 
stronger passions; they arc not given to plotting or devising 
plans. Men of anxious mind and in-itfihlc temper seldom get 
fat. With what justice does Shakspeare make Cx'sar say, 

Let me have men about mo tluit are fati; 

Sleek-heoded men, and such as alccp o' niglits, 

Yoiid’ Cassius haa a lean and hungiy look ; 
lie thinks too much; such men are dangerous. 

The influence of rest in producing this deposition is ouri- 
onsly exemplified in insects, in many of whom we find an 
abundant quantity of fat, while in the state of larva, which 
disappears as soon as they have sprung from this dull, motion¬ 
less, living sepulchre to wing their way tlirougli fields of 
air.” The use of malt liquoi is another cause, and every one 
knows the fattening cfiect of grains given to cattle. 

We have thus seen that and fat are consequences 

of too great a quantity of blood in tlie system. Hgi>crtroplijf*^ 
or an undue growth of certain parts of the bodj, may he men- 


* From over: and Tf to nouri^ 
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tioned as a third. This has been known to occur in the biain, 
heart, and kidney. When the substance of the heart ia 
afiected by it, a most painful, and often incuiable disease is the 
consequence. Alterations in the quality of the blood ore 
productive of equally serious affections. The blood in sfiurvy 
is more fluid, of a violet or grayish colour, and possesses a 
peculiar odour. It is probable that clianges are produced in it 
by the effect of marshy exhalations, and perhaps the primary 
changes in some contagious disorders occur in this flnid, but 
observations are much wanting on this point. Dr, Stevens has 
not been by any means sufficiently accurate to satisfy the 
doubts which are proper on such a subject. His inquiries, too, 
have the misfortune of having been made to support a precon¬ 
ceived theory. 

The colour of the blood is well known to vary in different 
parts of the circulating system; thus, if we examine it in the 
veins, or the right side of the heart, we shall find it of a dark 
red or puiq)lish colour; hut after it has passed jhrough the" 
lungs, and been there exposed to the action of the air, it be¬ 
comes of a bright lively red, and is so found in the left side of 
the heart and the arteries. Aristotle first mjide the remark, 
which subsequent observations seem to have confirmed, that 
the blood of a negro is darker tlian our blood. The tempera¬ 
ture of the blood varies in different classes of animals. In man 
it is about 98“ Falircnheit, in birds higher; in cold-blooded 
animals it is but little above that of the medium (whether air 
or water) in whicli they live. We shall have occasion, how¬ 
ever, to speak more fully of these matters afterwards. After 
death the blood usually coagulates in the vessels, and the dot 
thus formed in the heart, from the organized appearance the 
fibrin puts on, has not unfrequently been mistaken for a dis¬ 
eased growth. In persons who die by lianging or dro^^ming, 
the blood ordinarily remains fluid. The same ’occurs after 
death resulting from violent muscular exertion; from lockcd- 
jaw, which, in fact, is very similar to the former, being a 
general spasm, or forcible contraction of the muscles; from im- 
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pressions on the nervous system, such as violent fits of passion; 
and, it is also said, from lightning. In all these cases the body 
sooner runs into putrefaction, as if the extinction of life had 
been more sudden and complete. In those cases, too, the body 
itemaifis flaccid, and as the fibrin does not coagulate in the ves¬ 
sels, so neither do the fibres of the muscles assume their usual 
rigid contraction. 

John Hunter was induced to l)elieve that the blood was 
alive, and that coagulation was its last vital act. Tlie idea 
of a fluid being alive is at first received with difficulty, but 
when we reflect on our total ignorance of the nature of life, we 
must confess that no reason can be shoum why it should not 
be conferred on a fluid as well as a solid. Besides, out of this 
fluid solids arc fonned. We have shown, that when blood is 
poured out into a wound, and coagulates there, its solid part 
becomes penetrated with vessels, which, uniting with the ves¬ 
sels on cither side, can-y on the circulation tlirough it, and 
it becomesy^to all intents, n living organized mass. Wh}^ 
it is said, allow it life, now that it is solid, and deny it before 
merely because it fluid? An impregnated egg, it is well 
known, is alive. The principle of life in it prevents putrefac¬ 
tion taking place when the egg is placed, during incubation, in 
circumstances most favourable for its occurrence. It also 
enables it to resist cold; and eggs which have been once frozen 
are more readily frozen a second time, the first congelation 
having destroyed the vital principle. An addled egg will also 
freeze more readily than a fresh one. Now it is asserted tliat 
blood just drawn, and exposed to a freezing mixture, resists its 
influence longer than the same blood thawed and warmed to its 
original heat will. This would be a strong con-ohoration of the 
opinion, and we believe that we agree with the greater number 
of physiologists of the present day, in considering the blood as 
possessing at least a certain kind of vitality, in consequence 
of which, a mutual relation is established between it and the 
vessels in which it oirculates. 

The ide i of transfusing blood, that is, transferring it from 
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the vessels of one aninutl to circulate in those of another, was 
jBtst put into execution by Dr. Lower. He found, that when 
an animal lay, after a copious bleeding, exhausted and almost 
lifeless, it was immediately restored by conveying into its 
veins a quantity of blood taken fresh from another animid. It 
was supposed that the application of this fact m%ht be useful 
in medicine,—in short, that diseases were to be cured by sup¬ 
plying the patient with a quantity of fresh healUiy blood. 
The first experiment, however, of the kind proved fatal, fl,nd 
some other accidents occun-ing, the practice fell into disrepute. 
Latterly, however, it has been revived in a more rational man¬ 
ner, chiefly owing to the exertions of Dr. Blundell, and in Ids 
hands it has succeeded in preserving tlie lives of many females 
who were reduced to the lowest state of exhaustion in conse¬ 
quence of profuse discharges of blood consequent on child¬ 
birth. It is evident, however, in these cases, that the only 
object was the maintaining in the body a sufficient qumAity of 
blood. No change in its quality "was aimed at. 

From the bedief that certain diseases originate in the blood, 
it lias been suggested to apply our remedies to the fountain 
head, by injecting tliein into the circulation. We regret that 
no decided success has been shown to attend this mode of treat¬ 
ment. It was pretty extensively tried during the late melan¬ 
choly epidemic, and we do not lielieve it did much injury, 
except when pushed, as it occasionally was, to the extravagant 
length of throwing in whole gallons of fluid. For the rest we 
may say it had tlie fate of other remedies. It had its supporters 
and its ojijiosers. It was brought to combat a disease, the pro¬ 
gress of Avhieh was like the flight of the locust-tribes, “ before 
them was a fertile paradise, behind them a desert wastea 
disease of which wc know the sad results, while the causes are 
still hid from ns; a disease against which it was justifiable to 
try every expedient, yet in which we fear tliat it might often 
with truth be said, He who did least, did most. 
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THE CIRCULATION. 

Now havii^* gotten the blood, the fluid by which all parts of 
the body are nourished, and out of which all the secretions are 
made, the next question is, by wliat means is it to be conveyed 
to those parte, and how can we ensure the return of such por¬ 
tions of it as may not be required for those offices? Of course, 
the most obvious way is to lay down a system of tubes, or 
rather one large main-pipe, giving off" branches as it passes 
along, and these again subdividing until they penetrate the 
minutest part. This is the principle on which a city is sup¬ 
plied with water. From the basin, or reservoir, sets out a great 
main-pipe, which at first, perhaps, gives off leading branches 
for three or four prominent districts; these branches, running 
along the firincipal streets, send off’ lesser conduits into each 
cross street; from these conduits still smaller tubes lead into 
every house, and perhaps a still furtlier subdivision supplies 
every room. This supply is in the human body carried on 
through the great system of vessels termed the arteries. The 
central pipe is the aorta, Settuig out from the chest, it first 
fiscends a little, and forms a emwe, from the uppermost surface 
of which it sends off' the vessels that are to supply the head, 
neck, and upper extremities. Having thus provided for those 
parts it bends downwards, and lying close on the back-bone, 
rather on its left side, commences its course along the trunk. 
Bending out at each side a branch to supply the luuscles between 
each pair of ribs; these bmnehes are called intercostal^ from 
iwfer, lietween, and cosJa, a rib. Having got out of the chest 
and through the diaphragm, which, as we have siiid, separates 
the chest from the abdeSmen, like a shelf placed hetu een them, 
it gives out from its front part a short thick trunk, which, after 
a course of about half an inch, breaks suddenly into three 
divisions, the one on the right going to the liver, the one in the 



THE CEBCULATION, 


175 


centre to the stomach, and the one on the left to the i^leeii« 
These three organs, it will be remembered, lie nearly in the 
same level, so tliat a good engineer would take advantage of 
this to supply them through a common duct. But there is 
also anotlier oigan lying in the same line further back, the 
pancreas. This is a long nan-ow gland, compared in form to a 
dog’s tongue, lying across the back-bone, with its thin end 
towards tlie left, in contact with the spleen, and its thick end, 
called the head of the pancreas, placed towards the right, sur¬ 
rounded by the turns of the duodenum, and consequently in 
the immediate neighbourhood of the liver. Now as it is thus 
close to i^arta abundantly supplied, tliere would be use in 
sending a particulaj' pipe to itself, but short pipes ai’e laid into 
it from the arteries of the spleen on the loft, and from those of 
the stomach and liver on the centre and right. Having thus 
supplied the upper stage of the abdomen by one great trunk, 
the aorta continues its course down along the back-bone. It 
soon arrives at the mesentery, which, as we have :xpluined,is ~ 
the fold of serous membrane binding tlie inl^*stines to the spine. 
Of this fold it takes advantage to send a laige branch to the in¬ 
testines, and this branch supplies all the small intestines and 
thc'fii'bt half of the large, that is, the ccecum and a large part 
of the andi of the colon. Lower down, a second branch finishes 
what is necessary f<jr the intestines, by supplying the remaining 
part of the colon and the rectum; while, between those, two 
branches are sent oft^ one on each side, to supply the kidneys. 
The orguuh contained in tlie abdomen'being now furnished, the 
parts below arc next to be considered, and, as the body soon 
begins to divide into the two legs, it is clear that the one central 
pipe will no longer be sufficient. But there is nothing an 
engineer guards more against in dividing his pipes than having 
any suddtar or sharj) turns wliere they can be avoided, as such 
increase the friction, and diminish the quantity of liquid he can 
supply. To avoid this, therefore, the aoi-ta commences dividing 
itself high u}» in the loins, tliat thc’tdtcration in the direction 
of the current may be as gradual as possible. This will be ren- 
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dered evident from the accompauyiiig diagram, in wli^ch a is 
the ao:^, b b the vessels into wliich it divides. In fig. 1, we 
sec the tmtural course; in fig. 2, the much greater impediment 


Pig. I. 



Pig^ 2 . 



the currwat would leceivc, were tlic division not made till 
absolutely necessary. The arrows show the direction of the 
‘“'current. 


>Now these two divisions of the aorta ai*c called the iliac 
arteries, from ilia the flank; and before long they each subdivide 
into two branches, the internal and external. TJie internal 
branch dives deep into the pelvis, where it su[ndies the bladder, 
the lower part ot the rectum, and other parts varying with the 
seiik, and penetrating backwards, conveys the nutiitive fluid to 
all that great moss ot muscle which forms the buttocks. In 
tlie mean time the external runs forward to the front of the 
tjwgh, where it ^kes the name of fefnoral ( fefmtr, the thigli), 
sends off branches to nourish tbo muscles here, winds itself 
towards the inside of the thigh, and getting on the back of it, 
can be felt in the hollo’.sr of the ham behind the knee. Its 
presence here is also evinced by the well-known experiment of 
a person, when sitting, throwing one of liis legs across the other; 
the suspended leg is observed to vibrate, and the vibrations 
take place at the same moment as the pulsations, being, in fact, 
caused by the fresh wave of blood attempting to straighten the 
arterial tube, where it is curved at the knee. The arteiy is 
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her® called po/fiit<sfil ^poples-itis, the ham), and divides itself 
farther into two principal branches, the one running ahojg the 
front and outer part of the leg, the other along the bock and 
inner part. These branches throw out small twigs to all the 
muscles, and other parts, in their way, and finish by supplying 
the feet and toes. Tliis is a general outline of t|ie great system 
of tubes by which the blood is conveyed to the remotest parts. 
They tenniiiate by being subdivided in the substance of each 
organ into vessels of extreme minuteness, termed capillary^ from 
capillus^ a hair. It is in these thataiutrition and secretion ai'e 
performed, but tlic knowledge of the course and distribution of 
the vessels no more enables us to understand these operations 
carried on at their extremiticS| than a jHufect map of all his 
pipes and tubes enables the engineer to'comprehend to what 
uses the tradesmen and manufacturers, inlial>iting the several 
houses, may turn the water with wliicli ho supplies th^. 
But to pursue our system of pipes. The engineer suffers the 
waste water to run oft' through the sewers, it woiiJd be of no 
use to him to bring it back again to his rei^rvoir. A different 
plan, however, is to be jnirsued in the body, for the blood, 
when brouglit back, mixed with some fresh chyle poured into 
it by the thoracic duct, and exposed to tlie action of the air, 
becomes fit to bo again employed in the same service; as also 
the water of the sowers would be if properly filtered and puri¬ 
fied. For this purpose, therefore, another system of vessels, 
termed veins, is laid dowu; and the arteries communicate with 
the veins through the medium of the capillaries, or rather tihe 
capillaries are the extremely fine terminations of the’arteries, 
and the equally fine commencement of the veins, running into 
one another in a mode that eludes our observation. As the 
veins got more distant from tlieir origin, they unite more and 
more, until at length they all terminaic in two large trunks, 
the one bringing back all the blood that had been sent to the 
head and upper extremities; the other, that which had nou¬ 
rished tile body and lower extremities; and these two vessels 
are called veme cavasy superior and inferior. 
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Vessels have now been proTided sufficient for a perfect eia^ 
ettUtfion^ that for the return of the fluid to the point from 
which it set out. One thin^ is yet wanting; the power tha£ 
is to set this fluid in motion. 

Now for this purpose the engineer uses forcing-pumps, 
which, being worked by the power of animals, or water, or 
steam, drive the water into all the pipes, and so supply all 
parts of the city. But in the body we have neither animah^ 
nor steam, nor water, to drive the nutritious fluid, but in their 
place muscle, which is the true productive or originating cause 
of motion in the animal frame. Suppose, then, tliat to the 
origin of the arterial system, wo ai)pend a reservoir, and sur¬ 
round this with strong muscular fil)res, the shortening of which 
would diminish its capacity so uS to cause it to expel its con¬ 
tents into the arteriofe, we should llien liave the first and 
simplest form of heart; in short, just such a heart as we find 
actually present in the Crustacea, as, for instance, the crab or 
cray-fish. * 

Such a heart answers sufficiently well for this class of ani¬ 
mals ; but when we rise a little higher, and find a more perfect 
circulation, and the whole vessels constantly fall, we '^soon 
observe something furtlier than this one cavity to bo wanting. 
For the vessels being, as we have said, full, it is clear tlian 
when this cavity contracts, so as to throw a fresh quantity 
into tlio arteries, an equal c^uantity must he discharged from 
their extremities mto the veins, and the veins in turn must 
seek to unload themselves into this cavity of which wo speak. 
But the cfiLvity, being junt at tluic moment in a state of con¬ 
traction, is not prepared to Teocive tliis wave which is thrown 
towards it, consequently, it becomes necessiuy that tliere 
should ho a sort of aiite-chamber, or receptacle to hold the 
blood until this cavity can relax to receive it. 

This provision, wliicli we have aigued out as proper and 
necessary, actually occurs in tlie frog'*, in several of the mol» 

* Tlir frog ife T) 5W said to have two J.uriclea. Of course this nuilcob no diflb- 
rence. as they both di<Kiharge themselves mto the aamo rentride. It is oxily a 
double reservoir ip plaeo of a single. 
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lu»ea, The receptacle is called auricle, from its beating in 
the htnnan subject some resemblance to a d<^s ear ijauricida)^ 
the other, or forcing paii^ is called vetariele, from its likeness 
to a little stomach {vcntriculus). 

The auricle is surrounded by muscular fibres well as the 
ventricle; they are, liowever, much weaker, as ^they have 
merely to propel the blood into an adjoinii]^ cavity. ITie con¬ 
tractions of these cavities take place alternately in this manner. 
The i>enos cavoa empty themselves into the auricle; this be- 



A A the Vi not cava. t' the ventricle. 

It the auricle. 1) the groat arttay of the hod^ 

coming filled with blood, is stimiih'^^ed to contract, and so com¬ 
mences discharging its coiitont- .nto ,tlic ventricle, which, in 
turn, when fully distended, atracts, and forces the blood into 
the artery; its retrograde motion into the auricle being pre¬ 
vented by the action of a valve, opening only in one direction. 
While the ventricle is contracting, the auricle again is dilating 
and receiving tlie blood which the venae cavae are bringing it, 
and so the action, is continued. 


n2 
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This valve is ‘a perfectly mochanical contrivance, and is 
exactly what the engineer uses in his forcing-pump, of which, 

in its simplest state, this sketch will give an 
idea. When the piston p is drawn up, any 
liquid below the valve v will instantly, in 
consequence of the atmospheric pressure, rush 
in; but when p is pushed back towards v, 
the liquid, now above d, will forcibly hold it 
down, so as completely to shut tho aperture 
through which it had entered, and, being 
compressed by />, no means of escape remain 
for it but tbrough the tube from which it 
will spout with great force. 

Now this diagram will represent tlie application of the 
same principle in the heart. When tlio ventricle v dilates, the 
effect is the same as when p is di-av'n up from v in tlio forcing- 

pump, that is, tliere is an increased capa¬ 
city ; and if the atmosphere jj^ssed on a, 
its contents would ])e discliarged into v. 
But as tho heart is sitiiatcd deep in the 
chest, and qut of the immediate reach of 
atmospheric pressure, the want oi this is 
supplied by the action of the muscles by 
which o, the auricle, is surrounded, and whlcli, c(jntracting, 
pour the blood into tho vtilve x offering no opposition in this 
direction, but naturally falling inwards. When, however, v 
commences to contract, the caj)acity is first diminished, as 
when ill fhc forcing-pump p is driven towards v ; in conse¬ 
quence the blood ruslics >.‘ick, catches the valve Xy the more 
readily that it is of a concave shape inwards, forces it against 
the opening into tho auricle, sr> as completely to stop it, and 
thus leaves itself no other mode of exit than through the aorta 
r, into which, therefore, it is driven. In this cut we have only 
represented the situation and action of the valve ; of its form 
we shall speak when examining the human heart. The vends 
caves, superior and interior, returning the blood into the auricle, 
are represented as s an^ i. 
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So much for a simple circulation. But the blood, in its 
course through the body, is constantly depositing its nutrition 
particles, and taking up those which, having formed part of 
the body, are now, as it were, exlmustcd. It must, therefore, 
W'hen returning through the veins, be unfit to go a lecond 
time through the body, without some renovatidu and purifi¬ 
cation. Now the renovation is effected by the pouring in of 
fresh matter in the chyle; the purification, by exposure to air 
in the substance of the lungs. This is particularly necessary 
in all the higher and warm-blooded animals; and for the pur¬ 
pose of this new course of the blood a iicav heart is added. It 
would he more accurate to say that iicw' pai*ts are added to the 
hciirt we liave now described, tlie auricle being phiced to the 
right, and supplied with a now ventricle, while the ventricle 
is placed to the left, and supplied wuth a new aiu'icle. We 
have thus foi|r cavities, the two former of which are dfistin- 
guished as the riglit, or venous cavities of the lieart; the two 
latter as the left, or arterial. The blood ]>e ured iu^NMlie 
auricle c, by tlie veins a n, is dark in colbur, and unfit to nou¬ 
rish the body. The right auricle, being merely a reservoir, 
sends it into the right ventricle n, from •which arises a large 
vessel r, called the puhnonarj/ artery (from tti'X/liwv, the lungs), 
wliicli immediately divides into two branches, for each lung, 
Througli this the right ventricle impels the blood into the 
lungs, wdicre pciiotratiiig into extremely iniunte vessels, it is 
exposed to the air wliicli we are constantly taking in by the 
action of drawing our breaths, and which produces a most 
marked and instantaneous change on it, the natur# of which 
W'e sliall examine when speaking of liespiratioii. By this 
change the blood seems to liave lost all its impurities; from a 
dark red it becomes iiisttintly a bright scarlet colour, and.is 
found to have acquired its proper stimulating and nutritious 
qualities. It is now, therefore, sent by t^jc pulmonary veins 
F r, into the left auricle thence into the left ventricle h, to 
be distributed by it through the aorta i, to all parts of the body, 
from which it returns by the veins black and impure, again to 
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imdergo the some process in the lungs, and again to be sent 
out for the noimshment of the body. This, then, is the pw- 
foct or doulde circulation, as we find it to exist in all warm¬ 
blooded animals, including birds, quadru].>eds, the whale-kind, 
and man. 



Right iuid Left side-j of Heart, with Veins and Arteries. 


It does not necessarily follow that these two parts should 
be united together; and it will injiterially assist the under- 
stmiding them, if, with Sir Charles Bell, we firet depict them 
separate. 

Now this form, of heart is almost, exactly what Sir E. 
Hmne found in the dugong, a warm-blooded animal of the 
" whale-tribe, brought to him from the Straits of Malacca. The 
ventricles were quite distinct in the greater part of their length, 
and only connected above by some cellular structure, which. 
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with the usual twist of the aorta over the pulmonary artery, 
formed almost the sole connexion between the two sides. As 
it is interesting to see every step in the advance of this organ 
towaards the perfect state in which it occurs in man, we repre¬ 
sent this, which may be considered as one of the earliesttforms 
of the double heart. * 



Heart of Dugong: 


A right auricle and ventricle. 

B B left auricle and ventricle. 

D pulmonary artery, arising from right vontrkdo, and dividing into d d' a. 
branch for nch lung. 

C aorta, or great artery of the body. 

We may now advance to the human heart, in which these 
parts are finally joined together, yet not so invariably that 
traces of their separation may not l)e found. Bartholin relates, 
that in opening the body of a malefactor he found the heart 
bihd at its extremity, the right ventricle being clearly divided 
from the left. Most usually, however, they are closely united, 
smd the epithets right and left are scarcely applicable any 
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longer, as that part which in animals lay towards the right, 
now appears rather in front, the left being attached to its pos¬ 
terior surface. In cx)nsequencc it has been propose to change 
the names to anterior and posterior, or, from a consideration of 
theirrfiature and offices, to call the right the venous heart, or 
heart of the dungs; and the left the arterial heart, or heart of 
the body. 

Thus com])osed, the heart is situated nearly in the centre of 
the chest, but more to the left side. It rests on the diaphragm 
by its lower part, and lies rather obliquely from right towards 
left, its point being in the latter direction. It is enclosed in a 


T 



Heart in situ f Pericardium cut upon, Lunins and Diaphragm marked. 

' r 

T the* tarachea, or windpipe; L 1." the lunge; V the superior rewfl cava/ H the 
heart; A the a >rta; p p pericardium, or lioart-case, cut open; D the diaphragm. 
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peculiar sac or bag of its own, termed pericardium (fk>m mpiy 
about, and Kapha, the ?teart), which we have represented as cut 
open. The pericardium, however, naturally, is closed like 
other serous sacs, and its internal surface, when it is in contact 
with the heart,, is constantly lubricated by a fin^ exhalation, 
which must facilitate the heart’s motions and prevent adhesion. 
A person looking at a heart for the first time would find soma 
difficulty in saying which was the right side, and which the 
left; the chief difference he would perceive wmild be, that one 
side looked weaker than tlie other, had fallen in flat when 
emptied of its blood, while the other, from the thickness and 
strength of its muscular sides, had preserved its full and 
rounded form. It would occur to him, then, that this latter 
side, being evidently the strongest, must he the left side, that 
which was employed in sending the blood to the whole body; 
while the other, having only to send the blood through the 
lungs, did not require equal power. If he proceeded to njaike 

a Section across the ventricles, he would he still furTHer con- 

' « 

firmed that he had judged rightly, by finding something of 
this appearance. 



Section of Heart across botli Vontricles. 


A, the left ventricle, the thiok muscular sides of which enable it to keep its 
bhiipe; while B, the right ventricle, is flattened and collapsed. 

If, however, any part of the blood-vessels were left at¬ 
tached to the heart, this would finally decide him, for he could 
not fail to recognise the two venae cavae discliarging .them¬ 
selves into the right auricle, or the aorta, tvith its great arch, 
arising out of the left ventricle. If he wished then to examine 
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the heart, say that he had got a bullock’s heart, in which 
idl the parts axe quite perfect, he would, as the best method, 
wish to follow the course of the blood. His first step, then, 
would be to slit up the two vente cav®, which bring all the 
blooJ into the heart, and lay open the right auricle, which 
looks like a dilatation of them at the point where they meet. 

We have represented this done, in the human heart, in thp 
annexed cut: where a and b represent the two vence cavee, the 
former returning the blood from the head and upper extremi¬ 
ties, the latter from the trunk and lower extremities, and both 
uniting to fonn n, the right auricle, which is seen cut open 
from behind: e is the opening into o, the right ventricle ; r 
the remains of the obliterated foramen male; and c is the 
commencement of the arch of the aorta. 



Right of Heart laid open. 


While the child lay in its mother’s womb there was no op¬ 
portunity for respiration, therefore there would have been no 
use in sending the blood to the lungs, which, indeed, are at 
Uiat time so collapsed, that the blood could not circulate 
through them. Accordingly at tliis period a direct opening 
exists between the right and left auricle through their common 
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pMtition, so that ,the blood, wh«n r^umed from the reiis^ 
passes from the right into the left auricle, from that into the 
left ventricle, and thence out again to the body. The opening 
through which this communication takes place, is termed, from 
its sliape, thej^>m7»e» (yoale; it closes up as soon as the •child 
is bom, for then the circulation tlirough the lungs instantly 
sets in. A slight thickening and depression, however, mark 
its place, wliicli may be noticed at f. In tlie adult, therefore, 
no opening remains but tliat into the ventricle, the valves of 
which w’c must now proceed to consider. lu speaking befare * 
of their acstion, wc represented a simj)lc vuIat acting mecliani- 
cally. Such a valve would do > ery well for a forcing-pump, 
the sides of Avliich were imuiove^ble, Jind when it could be 
made of any desired thicknoKs; Imt in a living contracting 
orgaji it would AWint Ijoth streiigtli and adaphition. The mode 
ill wliieh botli these are provitled for, is admirably explained 
bv' Sir Charles Bell, to whose works Ave iiave often been 
indelited. 

The valve is composed of three inemlirancs, the bases of 
which are attached round the edges of the opening, while tlieir 
points arc in some measure free and floating, and wlien laid 
together are sufficient completely to stop up the orifice. Now, 
as the size of the valves cannot change, it is necessary that the 
size of the orifice should not change, else they could not pos¬ 
sibly fill it up. Thus, if the circle a should 
enlarge itself to a', it is clear the valves would 
be BO drawn at the liase, that they could not 
meet, and so a large space x would he left, 
througli. Avhich the ventricle would return half 
its blood, in place of sending it all on to the 
lungs. Tliis is provided for, by making the 
circle a a firm tendinous ring; and we may 
feirly assume it as an indubitable evidence of 
design, that this part alone of tlio heart should be incapable of 
motion, Avhere alone motion would be injurious. But simple 
membranes would not be sufficient either, for though capable 
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of filling the oiifioe, t^ey could not resist the strength of Uiq 
ventricle pressing on them from below; and so they would be 
driven up into the auricle, and the passage forced. Now, let 
U6 see how this is prevented. 

If we suppose this to be a section of 
tlie right ventricle, we have, as it were, 
a profile view of two of the valves; 
a a the cut extremities of the tendhious 
circle, opening from the auricle into the 
ventricle ; v v the valves made of a thin 
membrane, with their concave side look¬ 
ing downwards, so that the blood im¬ 
mediately catches them, on attempting 
to return, and throws them np against 
the opening. Now come into play c c, which are beautiful 
thin tendinous cords, attached, as we see, to the edges of the 
valves, and running from them to tlie sides of the ventricle. 
llTese arrnot extensible, and their length permits the valves 
just to reach the orifice, but perfectly prevents their being car¬ 
ried up any further. Tlius is their strength provided for. But 
further adaptation is still requisite, because when the ventricle 
commenced to contmet, its sides would approach more neaidy to 
the opening, therefore the tendons being relaxed, would suffer 
the valves to float up. This, too, litis been foreseen, and guarded 
against; the ends of the tendons have been inserted, not 
directly into the sides of the ventricle, but into small muscular 
pillars, called columnw carnew^ Avbich wc observe at m m. 
These share in the general inclination to contrac t; and the more 
the sides ajiproach the orifice, the more tightly do thej" pull at 
the tendons, so that the valve is never siifli'ied to quit its place 
until nil the hlood is dri\en into the pulmonaiy artery p. 
When this has taken place, the sides relax, the ventricle 
dilates, the valves fall down, and everything is ngaiii in a state 
to be filled from the auricle, which now commences work in 
its turn. The blood is now in the pulmonary artery. This, 
as we have represented it, opens from the top of the ventricle; 
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the reason is obvious. Fill a bladder with water, insert a pipe 
into its neck, compress the bladder, and the water will spout 
to>'a considerable distance. But, if you first invert the bladder^ 
so that half of its contents may run out, and then compress it, 
you will scarcely drive the water beyond the pipe. Novf, this 
would be the condition of the ventricle if the artery were 
inserted into its lower part. The blood as it entered would, 
by its fpuvity, descend into the artery, the ventricle, not filled, 
would want its proper stimulus to contract, or, if it did con¬ 
tract, could scarcely use any force on its contents. The artery 
is, therefore, placed at top. We have seen the complicated 
structure of tlic valves of the lieart, and we have seen the 
necessity for such complication ; hut look at the*V'alves of the 
artery, they are nothini? hut simple folds of membrane ; yet 
they are quite sufficient. Tendons to strengthen them would 
he useless, because the artery can exert nothing like ihe 
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latisculsr power of th^ heart to force them; fleshy pillars 
wcndld be ixseless, because the dilatations and contractions of 
the artery are too slight to require any adaptation, they are, 
therefore, omitted, for Nature does nothing in yain. 

The blood, in the mean time, has gone m ; the pulmonary 
artery soon divides into brtmches, c n, one for each lung, and 
these subdivide, in the substance of the lung, intt> innumerable 
minute twigs, through the delicate coats of which the blood is 
aerated. It begins to collect again in the pulmonary veins, 
which finally uniting into four trunks, e f g h, enter the left 
auricle i, filling it with red, perfect, arterial blood. This is 
discharged by it into the left ventricle k, and from that 
through the aorta l, to supply the whole body. 

The mechanism is so exactly similar to what we find on. 
the riglit side, that there is no necessity for going over it* 
The opening between the right auricle and ventiicle being 
largo, the valve, as we have seen, had three principal divisions, 
ajid”lb carred iricusj^id, or three-pointed ; that in the left side 
being smaller, the valve lias but tw'o divisions, and, from some 
fancied resemblojice to a bishop’s mitre, is called mitral. The 
valves of the aorta arc rimilar to tliose of the pulmonary 
artery; there is y(it a little hit of contrivance about them 
whicli remains to be noticed. If they lay completely back 
against the sides of the artery, it is possible that tlie blood 
might glide back over their smooth surface "without catching 
in them. To prevent this, the aorta is dilated 
immediately }>ehind them, so that they cannot 
reach it. There is, therefore, always a little 
space into which the blood, w^hen returning, 
must flow, and so shut down the valy(?s, and put 
an end to the letrograde motion. 

The texture of the heart generally is muscular, with ten¬ 
dinous or cartilaginous bands around its four openings, that is, 
those between auricle and ventricle, and ventricle and artery. 
Internally it is lined with a smooth membrane, which is 
found continued tlirongli the whole course of both arteries and 
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reflected over it, -while the fibrous coat of the pericardiiiBi 
forms a strong covering over all. The heart is still further 
protected by the bony sides of the chest, and the muscles with, 
which they are clothed, so that, next to the brain, it m8,y be 
considered the best defended, as it is the most important organ 
in the body. The size of the heart is variable, and it is said 
to be largest in those animals that are endowed with most 
courage. We can understand that the more freely the blood 
is sent to all parts, the more perfect will be their vitality, and 
the greater the exertion of which they are capable. The con¬ 
sciousness of increased power, thus obtained^ may give a greater 
disposition to use it; and thus animal courage may be tbe 
consequence of physical organization: and Sancho Panza may 
not have been altogether wrong, when he argued that it was 
as natural for one man to be a coward, as for another to be 
subject to bile. Common modes of expression indicate the 
generality of this feeling; thus we speak of a faint' a- 

stout lieart, lion-hearted, &c. We are not philologists enough 
to decide whether ^ showing pluck” is fb be referred here, 
though vve are aware that in Scotland the ^eart and lungs 
attaclicd to the head of a dead sheep are technically called 
“ the pltickP 

The cause of the pulsation of the heart, felt between the 
fifth and sixth ribs at the left side, has been disputed. On 
opening an animal, the contractions of the several parts of the 
heart are observed to take place in this order, 

1. The venae cavee fill the right auricle, at the same time 
the pulmonary veins fill the left; 2. Both auricles contract, 
and fill both ventricles; 3. Both ventricles contract, and fill, 
the right the pulmonary artery, and the left the aorta; 4. 
The arteries act on the blood. 

Now the first and third of these actions happen together, os 
do also the second and fourth, and it is chiefly by the third 
that the stroke of the heart seems jiroduceJ. If you inject 
water into a curved flexible tube, a 5, the first ejflFect of the 
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BBrrent will be to stiaighten the tube to ai', from the extre* 
aoity of which it will be dischaa*ged. But if b be made a fixed 



point, and in place of a syringe a moveable ventricle be attached 
to the tube, it is evident that the attempt at straightening the 
tube must all be exerted on v, which, therefore, will be thrown 
up towards and striking against any thing that opposes its 
progress, as in the present case against the interval betw'cen 
the fifth and sixth ribs, would cause a sensible pulsation. 
Dr.» C»rri gan a short time since attempted to show that the 
pulsation did not depend bn this, but was caused by the gush 
of blood into the ventricles from the ani ielcs. He made some 
experiments to prove this, and argued, that as the curv^e of the 
aorta w^as towards the left, any atteinpt to straighten it w'ould 
throw* the heart up to the right, w'herc, consequently, the pul¬ 
sation should bo felt. But he forgot that the aorta, hen leav¬ 
ing the ventricle, first goes towards the right, and also has an in¬ 
clination backw’ards tow’ards the spijxe, before it makes its gieat 
arch to the left, consequently the straightening of these two first 
inclinations would throw it forward and to tlie loft. He also 
left out of account the straighteiung of the pulmonary arterj'^, 
which takes place at the same moment, and which, as the 
artery curves almost direerly backwards, must have the effect 
of throwing the heart directly forwards. Neither has he ad¬ 
verted to the fact, that the heart’s motion is much more con¬ 
strained towards the light by the entrance of the veins, and the 
situation of the mediastinum, a membranous partition running 
across the chest from the spine to the breast-bone, than it is 
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towards the left, where, in &et, its point is quite £ree. Xn 
short, he only took into account one force, where the combina¬ 
tion of many was to be considered. We must, therefore, ad¬ 
here to the other opinion. It is probable tlie dilatation of tho 
auricles which tak^s place at the same time, may ; for 
Haller found the h4$irt in a dead body give a stroke at the 
breast w'hen he distended the left auricle with air, and ^nac 
reports the dame result from filling the right. The heart is 
elastic as well as contractile, and owes this property to a quan¬ 
tity of cellular membrane, with which its muscular fibres are 
enveloped. The opening out of its cavities, therefore, is to be 
considered as much its proper action as their contraction. It is- 
not that they merely dDate by the blood poured into them 
they open to receive the blOod, and the suction-power thus 
exerted, has been much insisted on by Drs. Bany and Carson, 
amongst the causes the motion of the blood in the veins. 
How far they are right, we shall consider afterwards; the fact 
can be demonstrated by taking out the heart of a fislipffltpty- 
ing it of all blood, and feying it on a table, li'here it will be 
observed to contract and dilate itself regularly, often for some 
hours. 

TTic arteries come next to be considered, and tbe share which 
they take in propelling the blood. When examined after 
death, they are found to consist of, first, an outer coat of strong 
clastic substance; second, a middle coat of a yellowish colour, 
showing well-marked circular fibres, by which alone it seems 
to differ from the yellow elastic ligament, which we before men¬ 
tioned as used to support the head in the horse, cow, &c.; and 
third, an inner coat of smooth liiiing membrane. This last is 
the most impoi-tant, as it is found to exist in every kind 
vessel; it is, therefore, cidled the proper vascular tissue. The 
middle is peculiar to arteries, and the question, whether its 
fibres are, or are not, muscular, has been the cause of one of 
the longest and most violent of physiological disputes. Yet, 
like many other disputes, the difference is rather about names 
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thm Incts. If ine oeiapBw these doculer fihm with the fih^ 
of the eofcw f e iy ^ XBueeJeS) they most certaiiiily ere Bot the 
seme. Thvy dilfet in appearance, in taste, in chemical oompo- 
aitioB, in mode of action, in the eftects consequent on the appll* 
catioh of cexiain itimuli. But though they are not moTed to 
act in the same way as the hbresof the wluntary muscles, yet 
they os certainly oontract and dilate in a manner more suited 
to the parts they belong to, and these motions of ocmisactioiD 
and dikdatton are under the direction of a vital principle. 
Hunter endeavoured to prove this directly, hy experiment* 
An animal was hied to death, by which the arteries are Isrought 
into their greatest state of contraction, the artery always endea¬ 
vouring to embrace hrmly its diminished contents. A portion, 
A B, of such an artery was taken, alit open, as we see at cn, and 



-weights w w' w" appended. When those had stretched it as 
£u: as they were removed, and the arteiy ugain contracted, 
not to its original dimensions, but only as far as o o\ On this 
experiment ho argued thus. Two powers produced the full 
contraction of tlie artery ab: the one elasticity, which we 
know to be possessed hy dead matter; the other vital contrac¬ 
tility, which belongs only to living. Now when the ai-tery 
was cut out of the animal, this latter power was destroyed; 
consequently, when extended loxx', and the weights removed, 

* Museden under the Immediato direotlrm of the will,-.-which wo can at aasf 
time call mto action, or cause to coaae from actionsuch arc the muaclca of 
the arm, Ac.,—wc muj' say generally aU muscles, except those of the heart 

s intestinal canal. 
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U did not retiBot to ifo oiriginal db&eBAODs oi>. The 
idioitoiMd it £n>iii 0 to 0^ but the vitol cositraetiHty was goae, 
which should have taken it &om o to n* x><^ thevefore, 

In some measure repiresent the extent oi* the vital ocmtoaotUliy, 
4Bd oaf oi the elasticity. But vital contractility exists in no 
part of the body that we are acquainted with except the mu- 
des; therefcKre these circular fibres of the middle coat of the 
litery must be muscular. 

We do not propose leading our readers into the endless 
srguments adduced on each side. They will pensive that the 
two parties have forgot to decide what should constitute a 
mixscle, and thus, each taking different standards, have sne- 
ceeded in proving their own opinions without disproviiig thoae 
of their adversaries. We shall, therefor^ avoid using the term 
tmescular, as applied to this coat, and sliall term it, from its 
appearance, the ydhw ^brom coat, or perhaps the ooniracHle 
coat, and shall mention a few facts to justify its claim to this 
latter name. It may be well to say that we use the xeim co«- 
troMHy, to express a quality of living bodic^^*, in contrudistinr- 
tion from elasticity, which they possess irt common witli dead 
matter. Dr. Parry, having exactly ascertained the circum¬ 
ference oi* an artery in an animal, killed the animal, and again 
measured the artery. After an interval of several hours he 
repeated the measurement, and found, as the invariable result 
of many experiments of this kind, tliat immediately affcor 
death the artery was contracted ; but on the third examination 
had increased again. Now the artery does not die exactly at 
the same moment as the animal, but, continuing for a little 
time to act, discharges all the blood sent into by the last 
contraction of the heart. On this account the artery is always 
foimd empty after death, and its cotitractioii is evidently the 
result of a vital power. But after some hours the artery is 
dead as well as the rest of the body, and then he always found 
it relaxed. This is a clear proof that the artery possesses a 
vital contractility, and not merely an elasticity. 

Every surgeon knows that when he has opened a small 
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artery, the readiest way to stop its bleeding is to cut it through. 
The artery contracts so readily and strongly, as often to 
arrest the jet of blood at once. 

If we make the stimulus more powerful than a simple cut, 
it will produce a contraction sufficiently strong to stop the 
flow of blood, even from very large vessels. M. Amussat, a 
French surgeon, has, in several operations, arrested the bleed¬ 
ing by catching the end of the artery in a pincers, and giving 
it a twist. The fibrotbs coat has contracted so powerfully as to 
shut up the mouth of the vessel. It was not the more twist 
did this, for if you twist a dead artery, and then with a syringe 
inject into it, even very gently, some water, you will perceive 
it imdo tlic twist, and flow from tlie ojicn mouth of the vessel. 

Arteries, when exposed in operation, have contracted before 
the operator had touched them v itli his knife. Tlie testimo¬ 
nies of tills are so numerous and respectable that it is impos¬ 
sible to doubt it. 

"W^may, therefore, fairly conclude that aiteries are en¬ 
dowed with a peculiar vital power of contracting on their con¬ 
tents, and tliat such pow er ))elongs to the central fibrous coat 
is evident, from its being deficient in the \eins, >vhere this 
coat is not to be found. Thus they are possessed of one quality, 
wliich we ba\e also seen in the heart; its other power, that of 
active dUatiition, seems equally to belong to them. The arte¬ 
ries of the cheek enlarge under the feeling of shmne or mo¬ 
desty, and, according to the measure of their increase, we have 
the gentle suffusion, or the liuniiug cripison glow. If increased 
action be going on in any jiart, or a copious supply of blood be 
required for a sudden growth, the urterioh supplying the patt 
enlarge themselves, and i'uniisli in abundance the nutritive 
fluid. 

The growth of the stag’s horn is a beautiful example of 
this kind. The stag usually sheds his horns in spring; the 
place from which they had fallen is soon covered over with a 
thjn skin, and the first sign of the ne w antler is a little tubercle 
rising tip in this place like a bud, and covered with a fine, soft, 
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velvety ekin. In this skin run the yesBd.s that are to form 
the future antler, and they penetrate, in great numherp, the 
little tuberculous swelling, wliich is still soft, and like gristle. 
It grows with remarkable rapidity, still covered by th^ skin, 
and the veasels deposit in it white bony matter, until the whole 
is quite liard and full-grown. The next step is to rid it of its 
soft and very sensible covering, which, as long as it remained, 
would completely unfit it for the uses to which it is to be 
applied. And this is said to be performed by a very beautiful 
contrivance, noticed by Mr. Hunter, and his original prepara¬ 
tion to explain which is still in the Museum that bears his 
name. Around the bottom of the antler, wdiere it springs 
from tlie skull, is observed a bun*, or bony rim, which sur¬ 
rounds the vessels as they pass up. This, growing along with 
the rest of the part, becomes, by degrees, so firm and dense, 
that it presses on the vessels supplying the soft velvety integu - 
inent, wliich, thus deprived of its supply of blood, withers, 
dies, remains for a short time in a ragged state attached to the 
antlers, and is finally g<it rid of by rubbipg against the trees. 
At the same time the carotid arteries, from which these vessels 
sprung, resume their original size, having been much enlaiged 
during the coiiliuuance of this iirocess, a process, as Blumen- 
bach observes, exhibiting, in a striking manner, the i*apidity 
with which growth can take place in warm-blooded animals, 
as a horn of a stag, which may weigh a (piarter of a hundred 
weight, is thus completely formed in ten weeks. 

We thus see arteries endowed with the two powers we have 
noticed as existing in the heart; a power of dilating, and a 
power of contracting. These powers are only similar in kind ; 
they are by no means equal in degree. As to the effect of 
ordinary stimuli, also, it is doubtful how far either lieart or 
arteries are sensible to it. Harvey mentions that a young 
nobleman had the side of his chest laid open, in consequence 
of a large abscess, so that the heart plainly appeared within the 
opening. By the commands of the king, Harvey examined 
this case, and found that the heart might be touched or 
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h8B^ed tli« least sensation to Hie young man ; 

in faet, so oomplotely inseiudble was it^ that when he Hint hit 
eyes, he oonld not whether it was touched or not. I^on>' 
though in many cases the arteries, on being mechanically kii- 
tated, lave contracted, and this result occuired in fifteen out ef 
twenty experiments made by Verschuir; yet other persons 
have heen by no means so successful, and have stated to us 
that they could often perceive no difference at all, and at othar 
times an absolute dilatation. Nor is this to be wondered at. 
The heart and arteries receive their nerves from a far different 
source than that which supplies the voluntary muscles. Their 
mode of perception is, therefore, different, and requires to be 
excited by proper and peculiar stimuli. The sensibility of 
each part is suited to the function it has to perforin, and the 
danger against which it is to guard. Now the voluntary 
muscles are for moving the body, and they are excited to action 
by mechanical stimuli, such as pricking, wounding, &c., be¬ 
cause it is useful, that on the application of such they should 
immediately contract, to remove tlic body from the influence 
of those agents, wdiich, if continued, would be injurious. But 
this kind of sensibility is much more obscure in the heart and 
arteries, because, before such agents could reach them, the skin 
and muscles must first have been penetrated, and so sufficient 
notice given to withdraw. The proper and peculiar stimulus 
of these ]jarts, then, is the blood, with the sensation of being 
full; as their proper office is, under such circumstances, to 
react and impel forward the vital current. 

It is an equally wise and prudent provision, that parts, the 
constant and uninterrupted action of which is necessary to 
life, should have been withdrawn from the immediate direction 
of the will; else would a slight inattention or forgetfulness be 
aettended by death, and sleep, so necessary to the refreshment 
of our powers, would be certainly fatal. But now, requiring 
nothing from cur foi’ethought or watchfulness, supplied con¬ 
stantly with its appropriate stimulus, this system continues to 
act iidgKt and day, when we sleep and when we wedee, often for 
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a long succeasicm of yaans without let or hiuderauoe^ so intuit; 
we are at a loss whether most to admire the iuhnite wisdom 
whi^ could devise so admirable a machinery, or bless tho 
iufimte goodness lhat could make it to us the source of so 
many blessings, of health, of strength, of life, “•Eunt 
homines,” says St, Austin, inirari alia montium, ing^tes 
iiuctus marijs, altissimos lapsus fluminum, ocean! ambitum, et 
gyros siderum ;—seipsos relinquunt nec mirantur.** 

Though the circulating system is thus free from the general 
direction of the will, yet it is well known to share in evejy 
powerful or sudden emotion. Joy will send the blood in gusb-« 
ing cuiTent to the cheek, or chilling fear will cause its revulsion 
to the heart, which no longer beats with suthcient force to 
drive it out to the extremities. Its tlirobs can no longer be 
felt, it seems to retire deep into the breast, whence we speak 
of the “ sinking of the heart,” or the heart dying away 
within us,” as expressive of the effects of fear. 

As the arteries dimmish in size, >ve find their peculiar vital 
power becoming stronger, and the circular fibres more nume* 
rous, and tliis disposition is supposed lo rea,clL Its utmost 
height in the capillaries. Whether it ceases suddenly here, or 
diminishes gradually from any given point, we axe unable, 
from their minuteness, to decide; but in the smallest veins we 
examine, this power seems quite gone, and along mth it the 
central coat of circular fibres, of which we have said so much. 
The veins, then, are merely passive in the circulation, ot can 
he considered as endowed mth no power beyond that of elas¬ 
ticity. This resides in tlicir external coat, which, as the same 
coat of the arteries, is merely condensed cellular membrane. 
The internal coat is the smooth lining membrane which, .as we 
have said, is the essential part of the whole vascular system> 
and in these we find it constantly thrown up in folds formii^ 
valves, sometimes single, sometimes tw'o or three together, but 
invariably openii^ towards the heait;, and sufiering the blood 
to move only in that direction. 

The contraction of the heart is evidently the first oi the 
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causes tliat move the blood, aud for soma time it wascoosidesed 
as tiie only cause. In consequence of tbis, attempts were 
made to calculate the force with which it must contract to 
overcome all the effects of friction, angular turns, gravity, &c-; 
manyresults were obtained which, by tlieir extraordinary dis¬ 
crepancy, showed that sotho gross error must have pervaded 
the reasonings employed. 

Borelli, proceeding on the supposition that the power of a 
muscle is in proportion to its weight, estimated the force of the 
heart at !180,0001bs. Keill, considering this as very extrava¬ 
gant, adopted a different line of argument, and, partly by ex¬ 
periment, partly by assumption, and partly by reasoning, re¬ 
duced the power of the heart to about five ounces aud a half! 
Hales’s experiments are by far the most accurate made on the 
subject. He inserted tubes into tlie arteries of living animals 
close to the heart, and observed tlic blood to rise in them to 
the height of about ten feet above the level of the heart, and 
then to continue rising and falling a few inches at eacli pulsa¬ 
tion. Now Dr. Amott explains that a tube an inch square, 
and about two feet liigb, will contain a pound of water, and its 
base will sustain this pressure ; therefore the pressure of blood 
standing at the height of ten feet will be (10 divided by 2 or) 
five pounds on the square inch, or even a little more, seeing 
that blood is of a greater specific gravity than water. But tile 
surface of the left ventricle of the heart is about fifteen square 
inches, on each of which this pressure of live ])ounds would he 
exerted ; on this calculation, therefore, tlie total force exerted 
by the left ventricle, at each contraction, is able to overcome a 
resistance more than seventy hve pounds, as is seen by the 
blood rising in the tube *, 

Men, however, soon perceived that the heait was not alone 
in maintaining the circulation. Worms have no heart, and in 

* We have not cxACtly given Hales’s calculation here, but rather an outlineof 
the purinciple. He supposee that had his pipes been inserted m the h nmati 
artofjit the blood would not have risen no high, in couseqaeuce of which he 
mah^^-ponie diminution, and concludes tho power of the left ventricle to be 
about-'flfty-ono and a half pounds. 
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tbem the blood ie moved by the vessels, assisted probably by 
the general muscnlar contractions. There is no heart in in¬ 
sects, yet it appears, from late discoveries, highly probable that 
they may have a circulation. Some facts, tending to support 
this opinion, had been put forward by Professor Cams, but 
lately a complete description of the wliole process lias been 
given by Mr. Bowerbank in the third number of the Entomo- 
logical Magazine, This fact was announced, we believe, on the 
same authority, in the supplemental matter of Griffiths’s edi¬ 
tion of the liegne Animal. Other facts, tending to show the 
influence of the vessels on the circulation, iiidejiendently of 
the heart, have also been adduced. If you tie an artery, the 
part of it beyond the ligature empties itself by its own action 
and that of the capillaries, evidently without any assistance 
from the heart. Monstrous cliildron have been horn without a 
heart, yet evincing, by their growth, that circulation had gone 
on tolerably well. Dr. Wilson Pliilij) once saw^ the- blood 
moving throiigli tlie capillaries of a rabbit for an hour and a 
half after he had cut out its heart. Mr. Allan Bums mentions 
a singular case, in wiiicli both the ventriclL’S w ore completely 
coiiverted into hone, so as to he quite incapable of cojitracting, 
yet the circulation mis maintained without much inconveni¬ 
ence, ns long ns the patient was in a state of tranquillity*. 
The Arteries going to a diseased part, also increase in size, and 
it is even said in Ta])idity of pulsation. Richerand says, that 
the radial artei^’- going to a hand on which was a whitlow, beat 
twenty or thirty in a minute more tlumthe similar artery sup¬ 
plying the other hand. From such facts as these Sir Charles 
Bell was induced, in a little work which he wrote expressly 

• This argument, taken frt)m a dibcaacd state, cannot, liowcvcr, bo allowed 
much weight. The auricles were considerably enlarged and strengthened, so as 
to be emiibled to perform the office of the ventricles; besides we frequently see 
the sides of the arteries rendered hard and bony for Ji pood lougtli, without the 
circulation being impodud by their loss of oontractility. The danger in such 
cases is, that the artery, becoming brittle, shall bo ruptiu-ed by the force of the 
heart. It is evident, that if the circulation be carried on without moch assist- 
anco ftom the heiirt in one of these cases, it has equally little from tho arteries 
in the other. * 
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<m the eahject of tile powers that more the Mood, io dimsmlsh 
Y^much the , estimate usually formed of the value of the 
he«rt’s action, which he considers more intimately allied 
to the respiratory orgmis, and only exercising a geneml 
r^uh^g power over the circulation of the body. As 
the artery always embraces closely its contents, it is 
equally full before as after tiie gush from tlia heart; nor 
does it appear to dilate when it receives this new quantity. 
Bichat, Parry, and others, examined arteries most aoeu- 
rately during the pulse, and even with the aid of micro¬ 
scopes could never perceive the slightest dilatation or contract 
tion. At each stroke, however, they become stiff and rigid, as 
if their fibrous coat had contracted almost at the same moment 
with the ventricle. By this way Dr. Amott supposes that 
their natural elasticity is counteracted, and the heart enabled 
to produce its effect through them, almost as it would through 
tubes of metal. On such a suppositiou the full force of the 
heart would be transmitted to the capillaries, as much blood 
being discharged from the extremities of the arteries as is 
injected into their commencement. It would appear, however, 
that some slight yielding of the sides of the vessels must take 
place, otherwise the pulse would be instantaneous all over the 
body, the blood being moved by each stroke of the heart, 
exactly as a row' of billiard-lmlls are put in motion by striking 
the first. That this is not ^together the case, any pei-son^may 
satisfy himself by placing his right hand on Ms heart, and his 
left on an artery, which he w'ill find close behind the inner 
ankle of his right leg. If he now attend, and that the action 
of the lieai't be not ^flurried, he vrill find that the stroke at the 
ankle is distinctly, yet at u very short distance, after that at 
the breast. But this could only bo produced by a slight' 
yielding of the vessels, and their subseciueut reaction on their 
contents. It is only on the same supposition that we can 
account fixr the fiiet that the stream of blood in tiie fgTTB»lt 
arteries is nearly unifonn, the jet that takes place in the * 
arteries hedng in a manner lost and diffused through the elasti'^ 
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city of the isides, as we «ee the ware eatfsed by thfowinj^ E 
stottc into water, e^ttendiog itself in widening but less pereei^ 
tible circles, till it finally disappears. As the blo^ get* 
further from the heart, its forward motion is diminished, ak 
well in consequence of this slight yielding, as by friction, the 
effect of curves, the angles at which the small vessels go off, 
&c. Two provisions are made to ensure its advance, first, the 
channel is widened, and, second, the circular fibres of the 
arteries, and, consequently, their contracrile power, is increased. 

Dr. Aruott seems to think it impossible that the arteries 
should exert anything like a propulsive power on the blood, 
heooHse they have no vermicular or progressive contracticHi. 
Now, it appears to ns, that this is not requisite, on the tumple 
X>iinciple that if a fluid l>e pressed or* resisted on all sides bat 
one, it will make its escape through that one; thus, the 
arteries pressing the blood, as the hand would grasp a bottle of 
Indian rubber, and rt'tum being rendered impossible by the 
valves at the commencement of the aorta, the blood must 
clearly pass the only way left open to it, tjial is, through the 
capillaries into the veins. That the channel widens, is not, at 
first sight, so evident; for we know that the aorta, as it passes 
along, divide into branches, these again into smaller branches, 
and so on ; but what we memi 
is, that the capacity of all these 
branches taken together, is, for 
any given space, greater than 
that of the trunk from which 
they were derived. Thus, that 
the section of the two branches 
at a is greater than that of the 
trunk at A, and that the section 
of the four branches at again 
exceeds that of the two at a. 

This is sometimes expressed by 
saying that the arterial system 
is represented by a cone, the point of which is at the heart, and 
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its base Kt.the surjEace of tbe b;)(|y. A more accurate repra^n- 
tation (M to form wilLbe had, by considering it as a tree, which 
is rooted in the heart, the trunk is the aorta, and the boughs, 
b^^es, twigs, and leaf-stalks will be represented by the divi¬ 
sions and subdivisions of the vessels to their minutest ramifica¬ 
tions. Now, as the section of the head of a tree at any place 
would show a more extended surface than a section of the 
trunk, so a section of the smaller arterial tubes will show an 
increased capacity as compared witli tlic aorta : such, at least, 
was the result of John Hunter's experiments on this subject. 

The motion of the blood being facilitated and continued by 
these means, it arrives at the capillaries almost with the force 
it had wlien leaving the heart. Were the capillaries, therefore, 
open tubes^ this would Be sufficient to carry the blood through 
them, and retuim it by the veins to the heart, without any 
further assistance. But this is not the sole object, nutrition 
and secretion are to be performed; these take place in tlie ca¬ 
pillaries, they are vital actions; therefore the capillaries are 
endowed with vital powers. In consequence tlicy are able 
either to close themselves against the arterial cuiTent, or to 
dilate, so as to receive a greater share, or to delay the blood in 
their channels, or, finally, to return it by the veins. It is true 
that we attribute to them these powers, more from reasoning 
than from observation, for their extreme minuteness places 
them almost beyond observation. But when the wiliva Hows 
info the moutli, as soon as a a.ipid substance has entered it, is 
it not that the capillaries suppl^nng the salivary glands dilate, 
so as to bring them an unusual quantity of fluid ? It is not 
the heart that acts more vigorjiisiy, for then every other part 
of tlie body would have its supply increased at the same time ; 
it is not the large arteries, for then the face would he flushed, 
and the temples throb when wc cat; nor is it in the gland 
itself tliat the action CDinmenc^s, for the gland can no more 
make saliva without blood, than a carpenter could made a table 
without wood. Wliere, then, can the action be, but in the 
extreme vess'ils? Or, wdien the tear starts unbidden to the 
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eye at a tale of pity, or a sight of woe, do we not see that the 
capillaries of the lachtymal gland have received their appro* 
priate stimulus, have enlai^ed themselves, and increased the 
supply with a suddenness, that at once itidicates the vivacity of 
their own powers, and shows the perfect justice and bca\sty of 
the poetic epithet 

Bic fattiT . . . obortit lachrymis f 

As to the mode in which their action takes place, Dr. 
Amott reasons thus: “ A muscular capillary tube, strong 
enough to shut itself against the arterial current from the 
heart, is also strong enough to propel the blood to the heart 
again through the veins, even if the resistance on that side were 
as great as the force on the other. For, if we suppose the first 
circular fibre of the tube to close itself completely, it would, of 
course, bo exerting the same repellent fofee on both sides, or, 
as regarded both the artery and vein. If, then, the sericsi of 
ring-fibres, forming the tube, were to contract in succession 
towards the vein, as the fibres of the intestinal canal contract 
in propelling the food, it is evident that all the blood in the 
capillary would thereby be preissed into the vein towards the 
heart. If, alter this, the capillary relaxed on the side tourards 
the artery, so as to admit more blood, and again contracted 
towards the vein as before, it might produce a forward motion 
of the blood in the vein, independently of the heart. We, of 
course, merely state this as a possibility, for the intimate na¬ 
ture of capillary action is not visible, and lias not been posi¬ 
tively ascertained.” 

The capillaries of the absovl)ent system, which we have 
described in their proper place, opening upon the intestines, 
exhibit an active power in selecting and taking up the parts of 
the food, whicli being changed into chyle, afford them their 
proper stimulus; in the siime way the capillaries of the san¬ 
guineous system exhibit on active pow’er in taking the blood 
up from the arteries and convey ing it into the veins. As they 
continue to live for some time after the life of the body has 
ceased, this action of theirs empties the arteries, and causes the 
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ta be oaHaotad m. tbaTeins and ai the right idde of Che 
hoari. it waa th» that so many y earn pKsteaited men hota. 
diaoaveriiig the cuoolation; for finding these vessels empty m 
the dead sal>}eet» they conditded them to he equally so in the 
tiving, and acooidingly made them vehicles for ** animal 
spirits^” and other subtile and powexful agents, which never 
had existence, save in the brains of their inventors, and Bo|they 
farmed these veesels art^ries^ox nir-4t^, a name which they 
retain to this day. There are some instances, however, in 
which the death being instantaneous, as from lightning, the 
oapUlaries lose all vital power at the same time as the rest of 
the body, and, in such coses, the arteries are found filled with 
a fluid blood. The some is said to occur in deaths &om the 
action of certain poisons, inducing general relaxation of the 
muscular system; and this has been adduced as a further 
pro<^ of the similarity of the fibrous (X)at of the arteries to 
muscular substance. 

The blood has now reached the veins, and, as we have seen, 
with a force not much diminished from that with which it set 
out. Its impetuous gush, however, is modified into a more 
equable, gentle flow, but still, as it appears, sufficiently strong 
to convey it back to the heart. This is necessary, os the veins, 
possessing no quality but simple elasticity, are unable to add 
anything to the impulse. Their valves, however, afford a 
mechanical aid, by dividing the whole column into a number 
of lesser columns, and as the veins lie much in tlie neighbour¬ 
hood of muscles, every time these contract they press on the 
veins, and so .cause a portion of their <onteuts to advance 
towards the heart, retrograde motion being preN entod by the 
valves. We sometimos have an impleosaiit proof of the use of 
tliose valves, for, should tney fail to perform their office, as 
sometimes occurs in the low^er part of the leg, the whole 
column of blood is allowed to press on the inferior parts of the 
veins, these become distended, tortuous, swell beneath the 
skin, and require the support of bandages, or a laced stocking, 
to prevent them bursting, and a bad ulceration coming cm. 
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ISiia affiBction is usoaUj known wider the name of oar*os>e 
eelnr, and nia;f he jj^codneed hy ligstnvae round the leg, im¬ 
peding the return of the blood. Tight garters ought, on this 
aoeount, to be aroided, particularly on young ohildren, in 
whom the parts are still tender and yielding, jf 

We have now gone through almost all the powers that 
move the blood, and hsTe marked the effect and mode of 

' VI* 

aetion of each. There remains one, to which we before «1- 
hided, and which has been much spoken o]^ in ccmsequenoe Of 
the ingenions experiments and observationB of Drs, Barry and 
Canon. This is what is called the sudim power of the beait, 
and is supposed to have as great influence in drawing np the 
blood through the veins, as its contractile power had in driving 
out the blood through the arteries. To understand What they 
mean by this, we must observe how the heart is rituated 
within the bony walls of the chest, w’hich save it Iroro the 
effects of atmospheric pressure. We must also remember that 
the cavities of the heart have an active power of enloigiiig 
themselvi's. Now, during inspiration, the chest is enlarged, 
the ribs are drawn upwaids and outwards by the action of 
their muscles, and thus troor S])ac6 is left for the heart to dilate 
itself*. Under these circumbtances, the auricle, having dis¬ 
charged its load into the ventricle, opens itself out, so as to 
form a vacuum at the head of the veins, which it is argued 
must suck up the blood from tliem, or, to speak more cor¬ 
rectly, allow it to be forced up by the efteets ol atmospheric 
pressure, operating on the veins in all other parts of the body, 
but taken off them here in the manner sliown. 

There is no question but that something mui^t be allowed 
for such a power, though its influence has been exceedingly 
overrated. If we make a wound in the sides of the chest, air 
will rubli in during inspiration, and ho expelled during expira¬ 
tion ; or, if we insert a tube into the opening, and place the 

* It miglxt bo BupXKMed that tho atmospheiic air rushing Into the longs 
would press on the heart, which lies immediately adjoining them, but the 
reolioncy or clabtirity of the lungs, which inablcsthcni to resist part of this 
prooBuro, saves the heart, in so for, from its effects. 
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other end of it hi a coloured fluid, we shall see the fluid rise 
in the tubo during inspiration, and faH during expiration. !Dr. 
ftairy inserted a tube into the jugular vein of a horse, and 
laying ^he other end of it in coloured fluid, observed exactly 
the same result as we have mentioned. This showed the ten¬ 
dency, of the lieort to fonn a vacuum durfen^ iB^iration; but 
there is quite force enough to return the blood without any 
such assistance, which scarcely cun he regarded in any other 
light, than as a consequence of the heart being placed in the 
same cavity with the lungs. For, if the vena cava inferior be 
tied near heart, it will quickly be swollen with blood, and 
if o^ned below the ligature, all the blood from the lower cx- 
tremfkles will be discharged from it, though the vacuum can 
have no influence here. Hales inserted an open tube into the 
vein of an animal, and found the blood st^ind in it six inches 
higher than the heart; there was little necessity, then, for a 
vacuum, or a suction power tp draw it up to the heart. If 
you pr^s on a swollen vein in tlio hand, the part above where 
you press will not be emptied, as it should if the suction were 
powerful. But, l)eyottd all these is the fai't, that no suction, 
however powerful, could raise a fluid to any distance through 
soft yielding tubes, such as the veins, as any one may coip Ince 
himself, by inserting a syringe into a gut filled with w’ater, 
ttod trying to draw' it out of it; for soon as he had raised a 
liUto of the water nearest tlie syringe, the atmosphei-ic jneb- 
sure, being equal in every direction, w'ill cause the sides of the 
gut to fall together, and so to make an end to his exjMjriment. 

The atmospheric pressure, hov’over, must exercise an in¬ 
fluence over Jbhe circulation in the head, for this being an air¬ 
tight cavity, and its vessels, therefore, perfectly relieved from 
this pressure, it is evident that as long os there is any blood 
sent out from the heart, a due proportion will be certainly re¬ 
tted here for the sustenance of the very important organ it 
contains. Mr. Kellie, having in some experiraeut‘< bled animals 
to death, observed, tliat though all the other parts w ere per¬ 
fectly blanched and bloodless, the brain contained a lai^gcr 
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quantity of blood than usual, from which he was led to the , 
singular conclusion, tliat an animal,' under such circumstancei^ 
dies of apopleay. It is probable that he'was deceived as to the 
quantity bcipg increased, by comparing the appearance of tlie 
brain with that of the rest of the body; but it is certain that 
the vessels of the brain would be kept in their ordinary state 
of fulness, by the atmosphere i)ressing on the juffular veins, so 
as to prevent the return of the blood, while the carotid arteries, 
in consequence of their deeper situation and stronger sides, re¬ 
mained oj)cu for its transmission. . ^ 

The ^[uantity of blood sent to the brain is vell^gBafc in 
proportion to its size. Haller states it as one-fifth of th^» 'vrhole 
supply of the body; and though Monro reduces the dstimate 
to onc-teiith, still we must consider this os a very large prb- 
])ortioii sent to a part, which, in weight, is not one-fortieth of 
the wliole. Aliliotigh such a copious supply is thus provided, 
yet every one knows the danger of a sudden gush of blood to 
the head, and, accordingly, this has ]>een guarded against •u’ith 
the most scrupulous care. In animals that hang the head in 
feeding, such as the ox, sheep, &c., this dujigcr would he 
greatest. Therefore in them we find the most beautiful pro¬ 
vision against it; for no sooner have the large arteries amved 
at the head, than they divide into a number of small branchei^ 
which, after forming a net-work, assemble themselves agaih 
into u trmik, ])roceed towards tlic brain, and then a siteond 
time subdivide for its supplj", Tlie only object, then, of the 
fil’st subdivision, is to break the force of the jet of Ivlood coming 
from tlie heart, and ensure a more steady and even flow in the 
vessels of the brain. It would be wrong, however, to consider 
such an effect as merely mechanical; by it the extent of the 
arteries is increased, of course the amount of their vital con¬ 
tractility is increased with it, and they obtain, as it were, an 
independent regulating power. In the instance given, this 
power was used for lessening or moderating the flow of the 
blood; but it can also be used for increasing or strengthening 
it, as Sir Charles Bell has taken some pains to point out. 

r 
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If a t6#tiouT%>tniweiiees growifijj on any part of the 
the arteries Supplyinj^ that part, though before straight ajifd. 
even ih their course, %ill Itccome enlarged and tortuous, harry¬ 
ing jaore ^lood, and delivering it with more power. The 
sUigeon knows that when called on to remove the tumour^ 
■shodld he cut one of those toituous vessels, the blood spouts 
from it with much more force than when the vessel was 
straight. The artery going to the breast in a woman is natii- 
rally straight, but when she commences to give suck, and Bo 
an increased supply is required, the artery immediately be- 
cohres tortuous. The arteries supplying the womb become 
* extrei^ly tortuous during the period of gestation. The tem- 
^ral "ijfrtery in man, which conveys blood to the top of the 
head, and may easily he felt beating at the temples, is well 
known to be tortuous, yet the object here must be an increase 
of power to urge the blood up against the resistance of gravity; 
tJxe arteries supplying the lower extremities are all quite 
straight. It is, therefore, evident that the mechanical obshicle 
produced by the various directions given to the current can be 
more than compensated by the a<lditional extent of (*ontractile 
power acquired, and that the objeet of the subdivision in the 
one case, or the tortuosity in the other, is to give the arteries 
e greater control over the su])ply. 

In the human brain there is not the provision, described in 
the ox or sheep, for saving it from the effects of the lieart’o 
uctioii, which we may, in passing, notice as an argument, if 
argument he necessary, against the absurd o])inion, that man 
was ever intended to walk on all-fours, with his head hanging 
down. Tlie matter is sufficiently provided for by the effects 
of gravity, and the benaiiig of the arteries at abrupt curves, 
Just before and immediately after entering the skull. It is 
also worthy of notice, that they divide immediately into a great 
Tiumber of minute vessels for the supply of the brain, no trunk 
of such a size entering its substance, as could, by its pulsation, 
cause any disturbance. The return of the blood from tiie brain 
is provided for, not in the ordinary way of veins uniting to 
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form tminks, these still lax^er truBks^ and so,idii; but tiie amia^ 
▼eins all discharge themselves into certain cavities, termed 
simises, generally formed on one side byia groove in the bones 
of the skull, and, on the others by reflections k)f the firm 
fibrous membrane, which forms tlie general envelope of the 
brain. J3y these means they ai'e constantly kept open, so that 
the blood flows into them with much ease; and they also 
resist dilatation, the effect of which would be to produce pres¬ 
sure on tile brain. No valves are to be found in them, as they 
are not in the neighbourhood of muscles tliat might compress 
them, neither are they subject to the W'cight of the atmosphere, 
nor yet does the current rise against the power of.^^vity.* 
They prevent the bad effect of a reflux, wliich may ta|ce plai^ 
during any temporary obstruction to tlie entmnee of the blood 
into the chest, by dividing its action amongst all the little 
veins entering them, so tliat the shock which would rupture 
one, is rendered harmless amongst many. . 

The pulse is a pheenomenon familiar to every one, yet the 
cause of its occurrence is not perfectly known. We have seen 
that the lieart at each contraction sends into the arteries a jet 
of blood, and almost at the instant this occurs, a Anger placed 
on the wrist, or in any other situation where an artery can be 
compressed, will t»c sensible of a stroke. Jt was, therefore, 
thought that a dilatation of the artery, caused by the inomase 
in its contents, v*'as the cause of this stroke. But it appears 
that the dilatation alone is not sufficient to iiccount for the 
pulse, inasmuch as Dr. Parry could not, in the most careful 
examination, observe any dilatation in the artery; and Dr. 
BaiTy, having thrust liis arm into the chest of a living horse, 
and laid hold of the aorta, found that it gave no pulsation, 
unless he compressed it. There can be no doubt, however, of 
there being a certain degree of dilatation, for, as the blood is 
incompressible, there is no other way of accounting for its 
smooth equable motion through the capillaries. The sudden 
stiffening of the artery to aid in the transmission of the blood, 
must also be a cause. Between the jets the artery is flexible 

p u 
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End yielding, therefore the finger presses it without difficuljty; 
but when the jet conies, the contractile coat of the artery sud¬ 
denly acts, and converts it into a rigid tube under the finger, 
Anoyier cause may be a slight change of place that occurs in 
such arteries as are bent or tortuous; tlie gush of fluid will, ^ 
we hove before explained, attemi)t to straighten the curves, 
and the efFoc-t will be the throwing up of the artery fium its 
bed. Tlie sort of vibration conveyed along the whole fluid 
must also assist, as we can convince ourselves, by filling any 
elastic tube with fluid, and exciting a motion in it, by tapping 
at one end ; it will quickly be conveyed to a consideralde dis¬ 
tance. We see, thus, that the pulse cannot he refeired to any 
single cause, hut that several must be considered in attempting 
to account for it. 

It now only remains that we should say a few words of the 
causes that led to the discovery of the circulation, and the 
arguments by which it is proved. This impoiiant tact was 
discovered by the celebrated Harvey about tlie year 1620, and, 
we may say, resulted from adherence to the principle, which 
in physical inquiries should never be lost sight of, that Nature 
does nothing in vain. Harvey, in the course of his anatomical 
researches, ohserved the fact, that the valves of the veins all 
opened towards the heart, but shut back so closely, as to resist 
the return of fluid, or even idr, the other \vay; he at once 
decided that so remarkable a contrivance must have some use, 
that that use was to admit the flow of the hlood in one direc¬ 
tion, but resist it in the other, and, consequently, that the 
hlood did not ebb and flow in the veins like the tides of the 
Etiripus,” as had been the old opinion. Some channel was 
now requisite to take the blood out to the body, the veins 
being only calculated to return it, and what channel so projier 
as the arteries? To put the matter to the test, he opened on 
asrtery in the living body and out guslied the blood. So for 
was satisfactory; the arterj'^ contained blood, but what course 
was it taking ? He tied an artery, and it swelled at the sjde 
next to the heiHrt, therefore its blood was coining to it from the 
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h^rt. He tied a vein and it swelled at the side remote from 
the heart, therefore its blood was returning towards the heart- 
He cut across an artery, the jet of blood took place from the 
heart-side; he cut a vein, the blood poured from the body-side. 
He showed that an animal would bleed to death, either from 
an artery or a vein, wliicli clearly showed their communica¬ 
tion. Finally, lie opened u cold-blooded animal, and obaeiwed 
the whole process that he had thus beautifully argued out; the 
veins filled the auricle, the auricle passed the blood to the 
ventricle, the ventricle contracted, and sent its load through 
the whole body, wlience it was again to return streaming 
through the veins. The proof was now complete, and entitles 
him to the glory of having worked out one of the most important 
discoveries ever made, by reasoning alone, without any mixture 
of accident. Little, we may say nothing, has been added to 
his demonstration; in fact it needs nothing. Malpiglii, Lceu- 
wenhoeck, and other microscopical observers, have seen the 
circulation going on in the wing of a bat, the tail of a fish, the 
web of a frog’s foot, the mesentery, ami other transparent 
parts; but this, of itself, would have been insufficient to prove 
the exact progress of the blood, and, indeed, without the pre¬ 
vious proofs, would have giveu us very impeifect notions. 
The discovery is peculiarly Harvey’s, in it he >Yas botli original 
and complete. Tlie jmssage of the blood through the lungs 
had l>een imagined by Servetus, a Spauisli physician, and tlie 
mixture of the blood and air in them, supposed to give birth 
to a vital princij)le. Ilis description occurs in his work, called 
Ghristimdsmi Restitutio; but can no more be said to have led 
to the discovery of the general circulation, than tlie celebrated 
passage in Seneca to the discovery of the new world. 

With the humility of a Christian, joined to the spirit of a 
philosopher, Harvey continued his investigations into the ani¬ 
mal body; his researches were crowned with success, hut it 
does not lie within our preset scope to notice them furtlier. 
We may be allowed to express our regret that we have been 
deprived of the results of many o+’ these by the ruthlessiiess of 
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civil war. Harvey was loyal, as well as pious. He had shared 
the prosperity of his royal master, and with equal readiness 
accompanied him in flight and in adversity. His museum was 
plundered, and his preparations destroyed, by the parliament 
party, yet sufficient remained to enable him to give the world 
his Exercitationes de Generatione Animalium, which illustrated 
in a new and striking manner the declaration of Holy Writ: 

Wonderful are the works of the Lord ; sought out of all them 
that have pleasure therein^'* Harvey lived to see his doctrines 
triumph over all oj)position, and died full of years and honour, 
A.D. 1658. 

[If it could be given us to trace the paths of an individual 
mind which lived before the appearance of literature and science 
in the world, and if we should observe that it had taken the 
right course towards truths which some after traveller has 
laid down with acknowledged accuracy, and which still bears 
his name on the great chart of human discovery, we might 
hesitate wliethcr we ought to yield entirely to the last the 
envied (vpjfKa of research. This is no imaginary dilemma. 
There are few positions that so betray the weakness of partial 
opinions, and the illogical ground on which they seem to rest, 
than the discussions, as fatal to right feeling as to all true phi¬ 
losophy, that invariably follow every great discovery, and 
which have not left even revelation intact. No sooner liad 
Harvey, in 1628, published the facts of the circulation of the 
blood, than men discovered that in the writings of Solomon, 
Hippocrates, Plato, Aristotle, and Galen, they could read of 
the same facts and the same discovery. And undoubtedly they 
could do so to a certain extent; but they forgot to add that it 
W'as by the lamp of IIarvey \^ genius alone by which they were 
enabled to see in the loc^se analogies of the ancients the positive 
relations which he ftrst unveiled. More than 2000 years had 
elapsed since the works of Hippocrates had been given to the 
W'orld, yet no one had found in his observations, or in those of 
any other autlior, the clue to this more than Cretan labyrinth, 
till Harvey published his Exercitatio Anatomica de Motu Cor^ 
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dis et San^uims in Animalihis; and, were it passible to extin¬ 
guish the light whicli he sheds upon the past, the shadows of 
truth that are now seen to che(iuer the pages of ancient litera¬ 
ture would once more be hidden from us, for all would become 
equally obscure. But happily this cannot be; like the photo¬ 
graphs of Daguerre and Talbot, genius transfixes for ever 
shadows that pass over the minds of many, though none else 
have power to arrest them. 

Before we pass to the quotations wliich at one time formed 
the texts of many a bitter diatribe, let us once more assure the 
reader that their authors were quite unconscious of that fulness 
oi* meaning which later facts have given to thehr words. The 
following is the first step of error:—In an ancient work we 
find words wliich express our ovmi tainiliar ideas of some hiter" 
discovery, and we at once assume that the impressions of the 
writer were the same as those of the reader; but words, which 
are vague, are the only medium and test of this relation; and, 
amidst the multitude of metaplioi'S necessarily used before 
inductive science taught realities, is it to lx wondered at, that 
a few, when taken apart from the content, correspond to the 
fonn of expression of the facts themselves, since discovered? 
We shall find this to lx* the case in the present instance. Solo¬ 
mon, writing nearly 3000 years ago, compares the heart to a 
fountain, the liver to a cistern, and the circulation of the blood 
to a water-wheel; and Hippocrates, 600 years lat^r, compares 
the circulation of the blood to the course of rivers, to the ebb¬ 
ing and flowing of the sea, to the revolutions of the planets; 
now, is it philosophical to pick out these metaphors, unsup¬ 
ported as they are by a single fact recorded in the w'orks from 
whence they are taken, and affinn that the ancients knew the 
circulation of the blood as we know it, and as Harvey first 
taught it ? The ancients knew that the blood moved, but all 
beyond that fact was metaphor. The anatomists of the Alex¬ 
andrian school of medicine, so late as the time of Galen, taught 
that the arteries were filled with air, and the very name of 
artery means I hold air. The following are the quotations in 
chronological order. 
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1. **0r ever tile silver cord be loosed* or the golden, bovl 
^ be broken, or the pitcher be broken at the fountain, or fhc 

wheel broken at the cistern. Then shall the dust return to 
the earth as it was; and the spirit shall return unto God who 
gave ^**‘^EcdmaMest adi, 6, 7. 

The silver cord is the spinal marrow; the golden bowl, the 
skull-cap; the pitcher, the heart; the wdieel, the metaphorical 
circulation of the blood; and tlie cistern, is the liver. 

2. “ The veins extended throughout the body exhibit life, 
and flux, and motion: many branches spring from one, but 
whence that one arises, and where it terminates, 1 know 
not; for a cirdb being described, the beginning is not to he 
found,”— Hippoerixtes, 

t* 3. “ The heart is the source of tlie veins and the fount of 
the blood, which circulates (TTfpi^cpo/ierou) through the whole 
body witli some degree of force.”— Plato. 

4, The blood flows through the veins, and tliese vessels 
receive it from the arteries .”—An ancient scholiast of Euri~ 
pides.'] 


Chapteu IX. 

RESPIRATION. 

Respiration is that function by which the blood, exposed to 
the« action of air, is rendered fit for the nutrition of the body, 
and the stimulation of its several organs. Tliis exposure takes 
place in different modes in tlie different classes of animals. In 
man the lungs serve for tliis purpose; in fishes, gills; in some 
singular animals, as the proteus and siren, both lungs and gills 
occur; insects have neither lungs nor gills, but the body ig 
penetiated with tubes conveying air into all its parts, while 
lower still uil these provisions are wanting, and respiration 
seems earned on by tlie skin alone. This is an illustration of 
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the law lately announced by M. Straus Durckboim, ‘‘tliat in 
following any organ througli the scale of animals, wo observe 
it undergo a regular degradation before it totally disappears.?* 
The function, liowever, is necessary in one mode or other, to 
every animal, a fact so well known as to have become & pro¬ 
verb, “ necessary as the air we breathe.** Spallanzaui made 
numerous experiments on small animals, which he introduced 
under the bell of the air-pump, and found that they invariably 
died soon after he had exhausted it of air. Or if he placed 
them in circumstances that prevented the renewal of the air, 
death also followed in longer or ’Ihorter time, propoitioned to 
the quantity of air in which they were enclcwed. In these 
cases the air was always found vitiated. One of its principles 
(oxygen) was gone, and in its place was substituted carbonic 
acid gas, which is fatal to life. 

Hales found that the same laws held respecting vegetables: 
they too died when the air was withdrawn, or vitiated the air 
with which they were enclosed. It appears, therefore, to be 
an universal law, tbat air is ^lecessary to life. We must, 
therefore, commence with a slioi't accouitt of air, its composi¬ 
tion and properties ; next, consider the mechauism by which 
its action on the animal frame is ensured ; this will lead us to 
a review of the respiratory organs in tlie different classes of 
animals, and their beautiful adaptation to each ; we shall after¬ 
wards consider the changes that have taken j)lace, l^oth in the 
blood luid the air, consequent on their being brought into 
apposition; and conclude with some rtuiiarks on voice, speech, 
and certain other pliienomeiia, such as laughing, sighing, &fc,, 
connected with our subject. 

The air is that invisible elastic fluid by which we are every 
where sun*ounded. It encompasses the efirth like a shell*, 
probably to the heiglit of about forty-five miles. Its 
tliat is, its attraction towards the centre of the earth, which it 
sltares in common with all other bodies, fluid or solid, pre- 

* The wciglit of thJs shell of air a** eomputodhy ])r. Thomson, in his system 
of chemistry, is ],iiU,16S,227,2r>U,ial,illH ituundb uvoirdupoib.' 
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vents it from flying away or yielding to the attraction of the 
snn; while its or the tendency of its particles to 

remove themselves from one another, saves it from felling down 
altogether to the earth’s surface, and condensing itself into pro¬ 
bably % liquid, or solid crust around it. The consideration of 
these properties of the air belongs more peculiarly to the science 
termed Pn&mmtics^ but their utility is evident in ensuring 
us an atmosphere proper for breathing. We are at pre¬ 
sent, however, most concerned with the composition of the 
atmosphere. By the ancients we know it was looked on as a 
simple body, and counted as one of their clemerds, out of which 
they supposed all other bodies to be fonned. 

A series of beautiful experiments, however, have now de¬ 
monstrated the fallacy of this opinion, and the names of our 
own countrymen, Boyle, Priestley, Cavendish, and Black, rank 
high amongst those hy whom the true nature and composition 
of the atmosphere has been tlisclosed. It essentially con¬ 
sists of two gases, oxygen and nitrogen, in the proportion of 
twenty-one measures of the former to seventy-nine of the 
latter, in every one liundred measures of atmospheric air. 
It matters not whether the air examined he brought from 
the highest mountains, or the deepest valleys, tliis propor- 
tioii continues unvaried. There must, therefore, be a 
reason for this, and the reason is, tliat as.far as the researches 
of pneumatic chemistry have gone, and no science lias been 
cultivated more diligently or successfully, there is no other 
gas, no other composition of gases, which could, consistently 
with health and life, continue to be breathed for any length of 
time. Ill addition to these two gases we find less than *01 of 
carbonic acid in every hundred parts of atmospheric air, yet so 
constantly found as to be looked on as a necessary ingredient. 
It would appear that this is not useless either, as the experi¬ 
ments of Saussure seem to show that the presence of a certain 
quantity of carbonic acid promotes the growth of plants; and 
it merits observation, that at great heights the quantity of 
this gas is much diminished; in fact, M. Mongez, who accom- 
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pdnied la Perouse in hia last unfortunate voyage, could de¬ 
tect none dof it in the air on the summit of the Peak of Tene- 
riffe; but here we know vegetation is at an end. In addition 
to these, the atmosphere generally contains watery vapour, 
exhalations of various kinds, occasionally odours, emaafttiona 
from animal and vegetable bodies, and mmsi/mta, or contagious 
effluvia, which, though so generally allowed to be the causes 
of certain diseases, have as yet defied all attempts to investigate 
their nature, or demonstrate tlieir existence, otherwise than 
througli the baneful effects attributed to them. These, how¬ 
ever, as they vary in different parts, are considered as being 
only accidentally present in the atmosphere,' which essentially 
consists, as we have said, of onofifth oxygen and four-fifths 
nitrogen. Now should a man attempt to breathe nitrogen 
alone, he is quickly suffocated; the nitrogen itself is not in¬ 
jurious, but causes death merely by preventing tlie entrance 
of oxygen. This proj)erty has induced the French ehemiats 
to give it the appropriate name of azote*. If, on tlie contrary, 
a person breathes pure oxygen, he seems ;mder the influence 
of a too powerful stimulus. His pulse ‘increases in strength 
and rapidity: his breathing is accelerated: bis fade becomes 
•flushed; he exhibits symptoms of high inflammation, which 
would supervene were the experiment continued. It is 
evident, then, that dilution is required, and it is an object 
that tills dilution should he made with some gas, not in itself 
injurious to life. Of such gases there are but two, nitrogen 
and hydrogen. But a mixture of hydrogen and oxygen is so 
violently explosive, that were the atmosphere composed of 
this, the firet accidental spark, the first attempt to light a fire, 
would have blown it all up, and destroyed all the animals on 
the surface of the globe. Nitrogen, therefore, is alone proper; 
nitrogen, therefore, has alone been employed. Whether it 
may not have some further use in the atmosphere tlian a mere 
diluent, will be considered when we come to speak of the 
changes produced in the air by respiration. But another 
question now arises; one hundred cubic inches of oxygen 

* From a, iirivative, and ^wr,^ life. 
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weigh about thirtyrthree grains, while the same quantity of 
nitrogen weighs but twent 3 ^-nine. Why then, i^( may be 
asked, does not the oxygen fall to the bottom, or occur in 
greatest quantity towards the earth, while tlie nitrogen should 
mount up, and be found most abundant in the upper regions 
of the air? 1 ’liat this does not occur we have already stated, 
and we are assured of the fact by the analyses made of air 
btought by Gay-^Lussac from a height of 21,73d feet, to wliich 
'lie had ascended in a balloon, and also of some brought by 
HumWdt from the top of the Andes. This uniform mixture 
of the component parts was at first attributed to tlie constant 
agitation produced'b}’' the winds, but this was ver^r unsatisfac¬ 
tory. The effect of the winds reaches onl^’ to certain heights; 
during calms of long continuance no alteration is experienced 
in the composition of the air; and if air he confined in a tall 
glass tube, and kept perfectly at rest for several months, tlie 
upper part will still be found to contain as much oxygen as 
the lower. 

Dr. Dalton applied himself to the consideration of tliis 
question, and tba conclusions at which he lias arrived seem to 
us quite satisfactory. He observed that, if he caused two ves¬ 
sels to communicate by a tube, the one of which contained 
oxygen and the other nitrogen, a mixture of the gases s(>on took 
place, and that it seemed indifferent whether the heavier gas 
were placed above or below. He proceeded to generalize this 
fact, and found it to hold good for all gases, the ligliter in¬ 
variably descending through the heavier, wliilo the heavier 
rose through the lighter. This was an appjirerit contradiction 
of the laws of gravity', but the c('ntTadiction was onl}" ap])ai‘cnt. 
It will be remembered wo mentioned another quality' of gciseous 
or aeriform bodies—elasticity. This is the tendency' which 
the particles of a body have to recede from one another in con- 
afequence of a repulsive jiower which they seem to exercise 
amongst themselves. It occurred then to Dr. Dalton, tliat 
though they thus repelled one another, 3 'et that the}' exerted 
no such power on the particles of any other body; and this 
simple supposition resolves the whole difficulty. For suppose 



ICES^^BAtION. 


2Stt 


IliAt, first, tlie world were surrounded by an atmosphere alto¬ 
gether of nitrogen, it is evident this would expand itself into 
space in the same manner as our present atmosphere, that 
until its further expansion were cheeked by bUoIi causes as 
cold or gravity. Now between the particles of thb atmoSpliere 
of nitrogen, there wonld exist spaces which the mutufd re¬ 
pulsion of the particles prevented th em from occupying. If, now, 
a quantity of oxygen were let loose at the surface of the earth, 
it would rise into all those spaces, inasmuch as its particles 
would suffer no repulsion from the particles of the mtrog«n^ 
and would proceed to diffuse themselves almost as if no nitrb- 

• A ^ 

gen were present. The relative proportions, therefore, of these 
gases at any given height, would always be the same, being 
the result of a common law, that the expansion of gases is 
measured by the diminution of pressure. 

Dr. Dalton's theory is, therefore, pretty generally received; 
hut whatever may he thought of this, the fact is undoubted, 
that the composition of the air is unifonu at all heights from 
which as yet it has been brought, and tliat this composition is 
in the best proportions for the support of animal and vegetable 
life. In continuation of this last assertion, we mAy add that 
the same elements, viz., oxygen and nitrogen, in different pro¬ 
portions, jiroduce nitrmR oxidcy that singular gas the inhalation 
of which for a few moments will produce temporary intoxica¬ 
tion ; or, if the oxygen be still further increased, even nitrous 
or nitric acids, which rank amongst the strongest corrosive sub¬ 
stances we know, and Avoiild be instantly fiital if admitted 
either into the lungs or stomach. 

We shall notice but one more of these aerial harmonies or 
adaptations of the air to our necessities. It is tliis, that its 
component parts are so loosely combined that any body wliich 
possesses an attraction for oxygen removes it as easily as 
though it were in a state of purity. Thus, iron exposed 
qnickly ntsts^ that is, combines with the oxygen of the air, 
rust being merely an oxide of iron. The same may be said of 
the other metals that rust, corrode, or tamiish by exposure; 
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these words espress nothing more than the eombination of such 
^petals with oxygen. Oxygen is also required to couihine with, 
nr in some manner act on the blood so as to change it from 
Tenons to arterial, but were the oxygen strongly attracted, or 
held,*by the nitrogen, we could not expect it to l)e separated 
during the short period it is allowed to act on the blood in the 
lungs. We are able to illustrate this by wliat actually occurs 
to fish. They breathe, not water, as is commonly supposed, 
but a quantity of atmosplieric air which is constantly held in 
tsoiation in wate-r. If we exhaust the water of this air by 
placing the vessel containing it under the receiver of an air- 
pump, a fish placed in such water under such circumstances 
would die; the fish mmld he Yet there is plenty of 

oxygen arcnmd it, for water is composed of oxygen and hydro¬ 
gen, but they are in a state of such intimate combination that 
the fish’s gills cannot decompose them so as to apply the oxy¬ 
gen to the arterialization of its blood. How many 2 >rovisions 
necessary before we could make a single available resi)iration I 

Now, to consider the organs by which this air is made 
useful to our existence; for as solid and liquid nutriments are 
taken into tlie stomach, certain parts of them emjiloyed for 
the support of the body, and the remainder which is useless, 
cast out; so, gaseous food, that is, fhe air wo breathe, is taken 
into the lungs at each inspiratioli, undergoes certain changes 
there, and when returned by expiration is fpund dejirived of a 
portion of its constituents which have been apjilied to the 
uses of the system. 

In man and the higher order of animals, such as quadru¬ 
peds, the lungs are always contauied within a cavity called 
thorax or chest. This we consider as extending from the bot¬ 
tom of the neck to the top of the abdomen. It contains the 
lungs and heart, organs of the highest importance. It ig, 
therefore, fenced round and defended with much care and 
foresight, having behind, the back-hone; in front, the breast¬ 
bone; and, round the sides, the ribs, which run from one of 
these to fU^e other; being of a roimded or bowed form, whidb 
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allows free space for the expansion of the lungs, and is 
cause of the general shape and outline of the chest. It will 
necessary to say a few words of tlie structure and mechanislii 
of (ach of these parts. The term back-hone, which we have 
hitherto used with a view to being understood by general 
readci's, is really incorrect, inasmuch as the part so designated, 
consists of twenty-four distinct bqnes, to which the name verto^ 
hrw is given. Between each pair of these a plate of elastic 
cartilage is insei-ted, and the whole structure thus built up 
possesses two qualities which no single bone could have had; 
it is flexible, so as to accomodate itself to all the motions of the 
boiiy in twisting, turning, stooping, &c.; and it is springy, 
tliat is, it is capable of yielding a little at each joint and again 
recovering itself, so that any jar caused by leaping from a 
height on the heels becomes divided and diminished in its 
sage along tlie spine, and is thus prevented reaching the brain, 
where it might do injury. Of these twenty-four vertebrae, 
seven belong to the neck, and are named cermcdl; twelve to 
tlie chest, and hiom being situated at its hack part, are culled 
dorsalj the remaining five ore in the loins, and thence termed 
lumbar. To each of the twelve dorsal vertebrae corresponds a 
rib Mdiicli fits on it by means of a round head resting in a 
shallow cartilaginous cup placed on the side of the vertebra, or 
rather between it and the oiie immediately above it. The rib 
thus is oonnec'ted with the spine by a regular joint allowing 
motion, and we have the never-failing accompaniment of such 
a structure, the .^novialmercihrano secreting joint-oil. Setting 
out, then, from this point, the rib is curved round the side so 
as to gain the front of the body; but beside this curve forward, 
it lias also au inclination downwards, the consequence of which 
is; that any force tending to draw it uj)wards draws it at the 
some time outward^ and so enlarges the capacity of the cliest. 
The seven upper ribs possing round arc directly connected 
with the breast-bone by means of pieces of cartilage continuing 
them into little sockets along its sides; while the five lower 
have no such connexion, but run their cartilages each to the 
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Tik ehov‘9 them, foermmg a retiring margin which any one taay 
feel in himaelf, sloping aw^ :^m the bottom of the breast* 
bone, round the sides of the belly, towards the back. These 
^ve ribs are called false. Perhaps, as we write for persons' 
who Inay not have an opi>oi!tunity of examining a skeleton, it 
may not be unneofiBsary to say, tliat the number of ribs at 



B B iB the iMMlc-bone; B B the ttemum, of hreoBt-boiio; C the clavicle, or oollar- 
thefettputo, or blado^ne. The ribs arc aumbenod tewA above 

duHiramrde. 




juwnDMivtpu 


li tbe wma^ ^flie w4i33Hk9«rwB 

^Miering ttwftn has one rib more afc bis right ride 
hit lisfit, has ttrieen frevn a bariy mhivoncefirieai of the eaxamia* 
•rinemi etliefiidibg the ere^Uon of woman. It is evideiit ^hit 
tbe as^mnpfcioB k quite gmtuitdns, for we know that ts! mats t 
who has had orleg Tsmored, for instaiipe, may afterwank 
have a child bom Bith tlj^e usv^ ^oportion of members; 
most horses have trik dorih^ yet we never saw a fofd 
bom in this condition. 

SdcV are the bony iafii oharit in the inteijvals 
^and Oonne^^ them together, are placed^thO 
muse l^di&od 'i^e contraptidii of these wUl evl'* 

dently tend th^ ribs totiirds one pother, and as 

first rib is the moiri fixe Jf the moriolSt is mode in that direcHon/ 
Above, iheoe ^ no dklpot partttiim between the <%Bt and ite ' 
neck, bnt iii$ vArial to 4i|y» former bd|m8 imd latw 
ends at the ly^t rib* ^ Below, howevOt, the^est is '^iliriy and 
perfectly <feded from the aWomen, by the musonlgr partition 
before allufa to, and Imowtl by thl name o|^midrin dia- 
phiagin^. This ringnlim^miscle passes Joke ap amh ovhr the 
contents of the abdomen, Ascending, howeve^j, much farther 
behind than before, oonvj^ty is directed njarardi ii0 the 
chest, so riiiat its contmetioo^ending to draw m doknWajds 
and more neatly to a ^lane surface, mus^evidantly mlAw thp ^ 
capacity of ^e chest and dinunlsli that of the ahftomriP* Any ^ 
person may obtalnta ^ood idea of this musel^ by^l^lh^ing bb 
himself a vaulted partitfbn stretching c^puplef)^ across his 
body, attached in &ont where he can feel the 
his breast-bon€^ from thU^ riopg tli^ ridos, td 
the ribs, and bohBkd td ^ down aa Ithe 

loins. Prom the'kndwled^ Be haif^eady obtained, (suj 
him to have read throng OUr jnevious chapters,) ib^wi^ 
strike him that this partition must have sepue openi^ iuft jk 
give passhge to parts that run from the itthed to thd abdomen, ^ 

* Pi Wa n i Ci n. a tNurtMjkn bet^oani hem 
Shut up. •f 
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or 9iae versd, Amd he would be perfectly ri^t. The guUe^ 
nms &om the mouth along the back part of the chest to the 
stomach, wMch is in the abdomen; it therefore penetrates %e 
partition, and a distinct hole is left fur its passage. The aorta 
also, Carrying blood to the abdomen and lower extremities, 
must pass through this partition, imd a second opening is left 
for it: of tliis opening the thoracic duct takes advantage to pass 
up, conveying the chyle to tlie vein which is to pofUr it into the 
heart. But a tliird aperture is necessary, for the vena cava 
must bring bock to the heart the blood which the aorta took 
out. Tlxis tliird aperture accordingly exists:—^in short, reason 
never evinces a want for which examination does not produce a 
corresponding structure; and this it is, tlmt makes the argument 
taken from the evidences of design bo perfec*t and irresistible. 

The diaphragm, by its contraction, enlarges the chest; the 
consequence oi this is, that a (juantity of fresh air rushes in 
from without to fill up the space thus left. We must, of course, 
next examine the p^issage through which it enters. This is the 
wind-pipe which we can fi*el ilistiuctly running along the 
centre-line of the neck, and placed in fiiont of the gullet. It is 
a round tube, liaving at inteivals little cartilaginous hoops, tho 
object of which is to keep it constantly open. At its summit, 
ia placed the larynx^ which we shall describe more particularly 
when speaking of the organs of voice. At present, w’e are con¬ 
sidering it merely as tlio pipe or tube through which air passes 
to the lungs. Arrived at the bottom of the nock it divides into 
two branches, one going to each lung, and, before long, these 
further subdivide, the one going to the right lung into three, 
because tho right lung has tliree lobes; the one going to the 
left into two, because the left lung has but two lobes. The 
cause of this difference is supposed to be that thelieart, lying 
at the left side of the chest, occupies the space which at the 
li^^t side is filled by the third lobe. 

After this, tho divMonB and subdivisions of these bronchial 
tubes^ QS they aire called, become exceedingly numerous, and 
after they have attained a great degree of fineness^ they tenni- 
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mate in little rounded boos something like bunches of curmnts 
at the end of the stalks. The number of these terminating s&os, 
or eells, has been computed by Keill at 1,744,000,000 in each 
lung; and Lieberkuhn,withequal exfiggeration,makeBthdrsur¬ 
face equal to 1600 square feet. But without attempting to settle 
tluH point, let us rather consider the structure of these tubes 
and cells. The hoi|p-like cartilages of which wo have ^oken 
do not pass quite round the windpipe, but form about two* 
thii'ds of the circle, their extremities being connected by mus¬ 
cular By means of tliesc fibres wc are enabled to con¬ 

tract the tube, which is of use in biinging up phlegm, as the air 
expelled from the lungs by coughing or hemming must pass 
with more force in proportion as the passage is narrower, i- 

Their situation, also, is au evidence of foresight:—they 
ai’o placed behind where the windpipe is in contact with t|be 
gullet, and v here, therefore, cartilaginous rings would be an 
iinj)i‘diment to swallowing; while these latter occuj>y the front 
and sides of the v indpipc, v liei*e tliey supj>ort it against atnu:»> 
spheric pressure, mulc'nable it to resist the tendency to collapse. 

The cartilages become less evident as the bronchial tubes 
become smaller, and at last entirely disappear; their* place 
being, it is said, occupied altogether by muscular fibres. The 
lining mombiane of these tubes is of the same description, and 
furnished in the same manner as the lining morabrane of the 
alimentary canal. The skin, turned in, as we have seen, over 
the lips, alters its qualities, becomes a muc&us membrane, fuiv 
nished with glands, and moistened with a constant secretion; 
it enters the tliroat, one division passing down tlie gullet to the 
stomach, while the other lines the windpipe and ^oes on to the 
lungs. It is this membrane which finally forms the minute 
air-cells in which th(*Be tubes terminate. Around these tubes 
wind the capillary brandies of the pulmonary arteiy, brinj^ing 
black blood from the right side of the heart, the air taken into 
the cells readily acts on it through their delicate membranous 
ddes, the blood is reddened or orterialized, and so passed on t 
the left auiid#:—this is the puhnonaiy eircula^on* 
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The lunpfs themselves are two spongy, light, exp»i;kdipg 
bodies, composed of a number of these minute cells connected 
together by celluliir membrane, and surrounded by ramifications 
of blood-ve®els, constantly in close apposition with the sid^ of 
the chest, and only separated from them by the pleura^ serous 
sacs, which by one surface invest the lungs while, by the other, 
they line the inside of the ribs. Erom this description, it will 
appear that the air-cells have no direct communication amongst 
themselves, nor with the cellular structure by which they are 
surrounded; their only opening is into the bronchial tubes, 
Such a communication ma)'-, however, he made imnaturally, and 
is generally the result of violent straining or exertion, made when 
the air-cells are full. Under these circumstances, a rupture of 
their sides may occur, and the air which they contain will be 
diffused in the cellular membrane pressing on the air-cells in 
the neighbourhood. Now since this air may increase at each 
inspiration, while from its irregular situation it caimot bo so 
easily expelled during expiration, we see that the pressure on 
the air-cells may at length he so great, as to shut them up and 
render that part of the lung useless. This is a form of disease 
not very uncommon, and it occasionally results from long 
playing on wind instruments, such as the tnimpet, which 
require much air to be kept in the chest. When it occurs in 
horses it generally results from their being run too hard, and the 
animal is said to be hroken-wdnded. ^J'he possibility of such 
rupture taking jdace should always be carefully kept in mind 
when attempting to resuscitate a person after drowning. 
Forcing in air too fast, and with too much violence, will inevit¬ 
ably break up these fine cells and the vessels that surround 
them, and so render revival impossible. 

The lightness of the lung results from the quantity of air 
contained in its substance, and this is so gi-eat, that the lung of 
a peoTBon who has once breathed, will not sink in water. In 
the foetus, however, in which respiration has never taken 
phw^ the lung is a tliick fleshy body, with its little cells closed 
up, so that it readily sinks. This, in the case of inquests hdd 
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611 dead infaaats, whose bodies bore no mark' of Tiolenoe^ has 
enabled the medical witness to testify whether or not they 
had been stillborn. It is necessary, howeve% in such 
ascertain that putrefaction has not set in, as thiS;^ by the dlBen** 
gagement of gases, might cause the lung to swim, thoiij'h the 
child had never breathed. 

Let us suppose an empty bladder placed inside a bellows,, 
with its neck fitted tightly around Ithe inner opening of the 
pipe. If now we lift the upper side of the bellows, closing the 
aperture, which is in the under-leaf, air will rush in thi^ough 
the pipe, and fill the bladder. But if we let go, the upper lid 
will gradually descend, forcing the air out of the bladder until 
it is empty as it was before. This almost describes the me¬ 
chanism of respiration. The lungs are not a bladder, but a 
collection of many bladders (the air-cells), each communicating 
through the bronchial tubes with the wind-pipe. The sides of 
the bellows are the diaphragm, and the ribs with their inter¬ 
costal muscles. When they act, the ^capacity of the cliest is 
increased, the diaphragm sinking down into the abdomen, and 
the inteicostal muscles raising and drawing outwards the ribs 
and breast-bone. To fill this cnlaiged space air rushes in 
throiigli the wind-pipe and distends all the little bladders* 
this is inspiration. The muscles then cease to act; they let 
go, and the elasticity of the lungs coming into play, causes 
them to expel the air that had been taken in ; the diaphragm, 
following the lungs as they shrink, retires again into the 
chest; the ribs fall inwards to their old situation : this is.ex- 
piiation. The elasticity of the lungs is not, however, totally 
unassisted in expelling the air; Ave must allow something 
the elasticity of the cartihigcs, by which the ribs are joined to 
the hreast-hono, and which, having been unduly thrown up 
during inspiration, will, of course, react and press on the lungs 
in expiration. We thus see that there is more active, e»^ion 
in inspiration, which depends for its performance on mnsclei^ 
while expiration, like the closing of the bellows, is, in a great 
measure, passive. 
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If a part of IJie walls of tlie chest be cut away, so as to 
leave the lungs exposed to a certain extent, re^iration can no 
longer go on at iiiat side; for now the air admitted to press on 
the surface of the lung, counterbalances that wliich endeavours 
to find its way through the ^wind-pipe, and dilate the Inng, 
therefore these powers being equal, the elasticity of the lung 
remains without any antagonist, and therefore causes the lung 
to collapse and shrink gainst the hack of the chest. Tliis 
collapse is more complete, if the lung bo opened during life, 
than after death, whence some have conceived that, in the 
former case, the elasticity must he assisted by certain very 
minute muscular fibres, which they suppose to surround the 
air>cells. This opinion was maintained at some length by Dr. 
Willis, in opposition to Etmuller, and he even went so far as 
to say that their existence was demonstrable by the assistance 
of a microscope. His eyes, however, must have been sharper, 
or his glasses better, thiin those of the present generation. 
Reis^isen, who has, in our days, supported this opinion in a 
most admirable easay on the structure of the lungs, endeavours 
to make it good, rather by argument than an appeal to the 
senses; and he principally supports fiimaclf by the fact we 
have mentioned, of the more evident collapse during life, and 
by VamieriB experiments, in which a notable contraction 
occurred on the injection of stimulating fluids. These we 
cannot cemsider satisfactory proofs: the muscles of the bron¬ 
chial tubes would contract when irritated and draw down the 
lung with them, and, as to the different extent of collapse be- 
foaro and after death, even Sir Charles Bell, the great advocate 
of muscular fibres, ■whenever they can be “ seen, felt, or under¬ 
stood,*’ admits this difference between living and dead elasti¬ 
city, that in the former the resistance is perfect, while in the 
hotter it is incomplete ; and lie happily exemplifies his opinion, 
by leforring to the living elastic ligament in the neck of a horse, 
■which, however often strained, always resumes its original 
dim^isions, and, on the other hand, to the dead elastic string 
of a harp, which, on being stretched, yields, and requires to be 



naspiRjiTioN. 


m 


screwed up a&esh to bring it to its proper tone. The anunuit 
of this elasticity, or the force by which the lungs themsehtnos 
assist in expiration, and antagonize Uie efforts of the diaphrf^Tii, 
has been investigated by Dr. Carson, with his usual ingenuity, 
in a paper read before the Royal Society in 182^ and* to be 
jbund in their Transactions for that year. His apparatus was 
extremely simple. 

An oblong glass globe, 
containing nearly two 
quarts, liad tubular openings 
at each end a and b. A 
glass tube, nearly three feet 
in length, and bent at one 
end, was joined by the blow- 
jnpe to the opening at b, 
and is represented by bc. 

To the other opening at a, a 
shorter tube was joined in 
the same manner, and in the 
form A n. A free passage was established from d to c, where 
the tubes were both open. To d a piece of the dried gut of 
some animal was bound, of a few inches in length. The other 
end of the gut was fixed to a cylindrical tube of bone, metaij, 
or wood, also of a few inches in length, and of a diameter cor¬ 
responding with the diameter of the wind-pipe of the animdl 
which was to be the subject of the experiment. The wind¬ 
pipe of an animal, which had been recently killed, was divided 
across near the throat, the cylindrical tul)e of bone wasinsestedi 
and tied so tightly, that no air could pass between the external 
surface of the tube and the internal surface of the wind-f>ipe^ 
An open and secure passage was thus established betwe^ the 
glass apparatus and the wind-pipe, and, of course, the lungs o£ 
the animal. Water was then poured into the apparatus at c, 
imtil it stood in the upright tube c b, at a certain height above 
the level of the water in the glass globe. The apparatus waa 
now prepared for use. Some of his earlier experiments fidledt^ 
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either in consequence of the lungs being rounded, or the globe 
too small, or the tube not sufficiently high, paiiicularly when 
the lazg^ animals were examined. Having taken much care 
to obviate ^all these accidents, he at length succeeded fully in 
the iicdih'iiidng experiment. On the 31st of October, 1817, tho 
apparatus was applied to tiie trachea of a dog, which had been 
hanged on the preceding day. Water was poured in untU 
it stood in the upright tube, at the height of six inches 
above its level in the globe. By incisions made at both 
sides air was cautiously admitted to the surface of the lungs. 
The water mcended instantly about an incli in the upright 
tube, and the lungs were found to have receded from the open¬ 
ings. Now the atmospheric pressure on the surface of the 
lungs exactly counterbalanced that on the surface of the water 
in tho tube b c. These powers may, tlierefore, be taken away, 
and there will remain the weight of the column of water in 
B c, above the level of the water in a b, tending to press the 
air in the upper port of a b into the lungs, and, on the other 
hand, the elasticity of the lungs tending to drive back the air 
which they contain into a b, depress the water in it, and con¬ 
sequently raise that in b c. This, as we have seen, occurred in 
title present experiment. The conclusion, therefore, was that 
the elasticity of the lungs of a dog was able to overcome the 
pressure of a column of water, six inches in height. Water 
was now added, until its level in the tube above tliat in the 
globe stood at the height of ten inches. This degree of pres- 
SJttre seemed equal to the elasticity; the water in the tube con¬ 
tinued steadily at the same height, and the lungs continued 
fully dilated. “ The appearance which the lungs exliibited 
in this situation was novel and Interesting, and was, no doubt, 
tihe same which they would have exhibited in tlie living body, 
had it been possible to bring them into view. ITieir surface 
was smooth 'and polished, and their edges rounded, without 
aay of tliose corrugations and sharp angles which they usually 
ea^bit. Their colour was red, and life-like. They felt firm 
to tlie touch. The heart appeared like a bird nearly covered 
by its nest.’* 
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From this, and a mimbor of similar experiments, Br. 
Carson has shown that in calves, sheep, and in large dogs, the 
elasticity of the lungs was balanced by a column of water, 
varying in height from one foot to a foot and a half; and in 
labbits and cats by a column of water, varying in heighf from 
six to ten inches. From a defect in the apparatus, *the extent 
of the power in question could not be ascertained in the lungs 
of oxen and animals of their size, but it was proved to exceed, 
considerably, the force necessary to support a column of water 
a foot and a half in height above its level. 

In all this, it will be observed, there is nothing said of 
muscular fibres, elasticity appearing quite sufficient for every¬ 
thing that is to be done. It is a good general rule in phy¬ 
siology, to believe what your senses prove to you; and as no 
one has ever seen these fibres, so neither do we see the neces¬ 
sity for them; wc must, therefore, allow their existence to 
remain (as far as we are concerned) in doubt. 

The general shape of the lungs in man, and tlie* other 
mammalia, is adapted to that of the" cavity which contains 
them. It may, therefore, be described as conical, the smaller 
extremity situated towards the neck, the base large and con¬ 
cave, to adapt itself to the diaphragm, while the intermediate 
surface is full and rounded, tti till the hollow space comprised 
within the rihs. In birds, however, it is far otherwise. The 
lungs are small, oblong, fleshy bodies, situated close up against 
the spine, where it is quite immoveable. Such bodies, it is 
evident, would never answer for the abundant respiration 
quired by animals so rapid, impetuous, and incessant in 
motion. They are, therefore, connected with large thin sacs 
made of a very fine transpaj-ent membrane, which pene¬ 
trating, not only into the chest and abdomen, but beneath 
the skin into the cavities of the bones, and even into the 
tubes of the feathers, at once serve to render the animal 
light and buoyant, and afford most extensive surfaces upon 
which the blood may be exposed to the influence of the 
air* It is evident that a diapliragm could not have the samft' 
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effisct in filling tbese cells with air, as it exercises OTCr the 
lungs of mammalia. The consequence is, that as it could not 
he of |We, it does not exist. Perhaps it will be more proper 
to .sar that a thin membranous partition, occupying its place, 
la to hijiiifound over the lungs of ])irds, ^ut in general it has so 
few muscular fibres, that it can scarcely be considered as 
Slaying any power of contraction, or exercising any infiuenco 
over respiration. In the ostrich, however, and the cassowary, 
birds that never fly, those fibres become distinct muscles, 
attached along the ribs, and ascending towards the lungs, the 
inferior surface of which they border by a large firm membrane, 
in which they terminate, and which forms a continuous 
vaulted connexion, approaching so nearly the nature and ap¬ 
pearance of a diaphragm, as to form an evident link between 
the respiratory systems of aerial and terrestrial creatures. This 
fact, for which we are principally indebted to tlie researches 
of the old Parisian dissectors, is exactly what sound reasoning 
would liave led us to conclude respecting animals, which by 
structure belong to one of these classes, while by habit they 
are more allied to the other. Birds being thus deprived of the 
diaphragm, at least as an efficient organ of inspiration, wr 
must consider how its place is supplied. And in examining 
the bony walls of the chest of birds, we perceive that the 
separate vertebrae of the spine, which in our backs are so 
pliant and flexible, readily yielding to every motion, no longer 
retain this property, but are bound together by firm lateral 
ligaments, so as to be perfectly stiff and immoveable; bome^ 
times even the spinous processes grow mg completely together 
in the form of a ridge, so as to convert tlie vertebrae into a 
single bone. Now, as muscles j!U<' only given for motion, they 
would be of no use here, and every one knows how completely 
4)are of jle^ is the hack of a bird. The reason of this inflexi¬ 
bility is next to be sought, and it readily occurs, that as mo- 
tioii, to he effectual, must be made from a resisting point, and 
as the motions of the wings in flight are extremely i>owcrfu!, 
it was neeeasary that the spine which is placed between them 
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shoxild posse^B this quality. Were any confirmation of this 
idea requisite, it is to be found in such birds as do not fly, in 
whom the spine still continues moveable. 



• Skdeton of Dird. 

The right wmg has been cut away, In order that tho direction and 
joining of tho nbs may be soon. 

Equally remarkable changes are to be found in the ribs, 
which tho preceding aketch >vill assist us in undorstanding 
more clearly. We liave already mentioned that the ribs in 
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our chest do not pass completely round from the ^ine to the 
breast-bone, but are connected in front tvith iiie latter by 
meaxm of elastic slips of cartilage, and we have had occasion to 
remdvn: some of tlie advantages derived from this elasticity. 
But^dld the same provision exist in the eagle, which cleaves its 
way through the air with such rapidity as to disappear from 
our view, in a clear atmosphere, in less than three minutes, or 
darts from the clitf with the rapidity of lightning to seijse its 
prey that our eye can scarce distinguish beneath ; would there 
not be an evident danger that the air removed with such im¬ 
mense velocity would exert such a force as to press in the 
hreast-hone, and the yielding caHilages on which it rested, and 
so impede or interrupt the function of respiration ? To guard 
against the possibility of this, the cartilages are taken away, 
and their place supplied by solid bone. These bones, a, pro¬ 
ceeding from the sternum, go to meet the ribs, A, arising from 
the spine, but not directly; they meet, as may he observed, 
at an angle, and at this angle is formed a joint. The open¬ 
ings of these angles all look towards the head. JBetween 
the bones pass, as in us, the intercostal muscles, and as their 
fixed point is above where the /iircifomt hone (commonly 
known as the lueriythought) and the largo processes from the 
blade-bones run to join the breast-bone, s, it is evident the 
action of these muscles will be to draw the ribs forward. This 
will necessarily enlarge the angle at their joinings, in conse¬ 
quence of which their extremities must become more apart; 
therefore the interval betw een the breast-bone and spine will 
be incrouBcd, which, as the latter is immoveable, can only be 
done by thrusting down the former to the line indicated. But 
the breast-boue lies just around those large air-sacs which wc 
have described as situated in the cliest and abdomen, therefore, 
when it is depressed, pressure is taken off these, room is given, 
and fresli air must rush in to fill it. In doing this it passes 
through tlie lungs, which are the only channel of communica¬ 
tion between the wind-pipe and these cells. 

Such is th* mechanism of inspiration in birds. Expiration 



BfiSPIBATlOK« 2d7 

is still mo|o i^ply performed^ depending chiefly on the 
musoles of t^e belly, wliich being attached to t]ie lower ex- 
tremity of the breast-^bone draw it up again towards tho verte¬ 
bral column, the interoobtal muscles, at the same time, ^lasing 
to act. Some slight asbistonce may also be derived flrpnf the 
elasticity of the lungs. The view given by the JFrench dis¬ 
sector^ though now a century old, is one of the most accurate 
we have of these peculiarities of the respiratory ^stem of 
birds. 

John Hunter was of opinion that the principal use of the 
air-cells was to bcrve as reservoirs of air, in order that there 
should be tlic less frequent necessity for respiration during 
rapid flight, wJieii it might well be sujjposed to be accom|)anied 
with some difficulty. He also thought it might be the means 
of permitting such vast continuance of bong us birds can, pour 



Lungs and Air-Ctdls of Ostrich. 

the wind-pipe; e e, the fleshy lungs; 1.8,3, tlio large air-cells, into which 
the air passes through the holes, gp g, a, the heart; b, the stomach; 
c, the IntesitnM; all onolos^ in, or surrounded by, alr-ccUs. 
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out withotit an ittterval for hreatiuiig. The same itimettire is 
to he fonnd^ veptilea, and in them oartoinly fhspiration is 
very sere and tmfreqiicnt. The idea also of its g^ivin^ light- 
BtBi^ lb <K>nsoqtioncc of the ^ in these cells being rarefied by 
the heat of the body, has been Suggested. The swimming- 
hladder of the fish is much more obviously for this purpose. 

It would appear that birds have the power, by closing the 
glottis, of forcing air into those cells, and swelling out the parts 
in which they lie. This is more evident when the cells are 
idaced immediately under the skin, and is generally a mark of 
passion, os appears clearly in the turkey-cock, the pouting 
pigeon, &c. It is extremely visible in the breast of a goose 
when she cackles. To show the universal communication of 
these cells, John Hunter succeeded in making birds breathe 
through an o})ening in the thigh-bone, the shoulder-bone, and 
the cells of the belly, after he had completely tied up the 
wind-pipe. These singukir experiments will he found recorded 
in vol. Lxiv. of the Philosophical Transactions. 

Birds, we thus see, hi’cathe principally by the assistance of 
their libs; beasts by the diaphragm; hut when we descend 
atiU further, and come to eihmine certain reptiles, of the frog 
and tortoise kind, we find that they have neither diaphragm 
nor ribs, or have the latter so short or so firmly fixed as to bo 
of no use in eulargingthe cavity of the chest: how then do they 
breathe? They swallow air. 

A frog, when it wishes to make an inspiration, first shuts 
its mouth. It then, by the action of the muscles of its throat, 
causes a vacuum in this part, to fill which air immediately 
enters through the nostrils. Having gotten the air thus far, 
holding its mouth still closed, it proceeds to prevent its return 
through the nostrils by means of a valve, os Cuvier says, or, as 
this valve has never been clearly made out, by the hack of its 
tongue, as Cloquet suggests. At the same time it contracts 
the muscles around the passage of the stomach, and then 
presBes on the air, which is necessarily driven down to the 
lungs through the wind-pipe, the only oouise now open to it. 





Tlie^e lungs ore composed of a number of ^atge air-cells, and 
nm down the belly of the animal, by iho muscles of which 
they con be completely emptied of air« It has been said th|a 
power is of use to frogs wlien they dive, as it enables tlil^ ta 
djiuinish their bulk, and increase their specific gra^ty. The 
action of the abdominal muscles on the lungs is at once evi¬ 
dent, when we open a living frog, by removing these muscles, 
for then the air-cells swell up, and remain permanently 
dilated, the animal having no longer the power to empty them. 
This also shows that the elasticity of the lungs in frogs is very 
weak. From the mode of inspiration above described, it is 
evident that, to smother a frog, notliing more is necesssoiry than 
to keep its mouth constantly open. 

In the other orders of reptiles, tlie lizard*and seipent hind, 
respiration approaches more to that of birds, being chiefly 
performed by the ribs and muscles of the belly. In hoards 
particularly, the ribs are composed of two parts^ united at an 
angle, exactly as occurs in birds, and it i > by the opening of 
this angle that the chest is enlarged. Of this order is the 
chaiuffileon, the lungs of whicJi are so extensive, that wlten 
they are filled, the body of the animal ajipcars transparent. It 
wis from this that tlic ancients fabled this aniiqal to live on 
air : we now know that it is on expert insect-catcher, and has 
a tongue admirably adapted for tlio purpose. Its &culty of 
changing colour seems also connected with this organization, 
and we can readily conceive the variety of shades according as 
the animal is more or less inflated, sends its blood in greater or 
less quantity to the surface, or has that blood more or less 
perfectly coloured. For respiration in these animals is by no 
means so necessary, or so equally performed, as in birds and 
mammalia. They appear to have it more under the control of 
the will; they can abstain from it for a considerable time, 
which, however, seems to be influenced by external circum¬ 
stances, such as temperature. The most remarkable instance 
of thu is the torpidity, or hyhemeUion as it is called, of these 
anhaala during cold season of winter, when they may be 
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seen to lie for an hour together^ without making a single 
in^iration, their heart, meanwhile, scarcely heating, their 
sezoes' all humed In deep sleep, and their state difiering but 
little from defith. No sooner, howerer, does spring with its 
genicA warmth return, than tliey acknowledge its virifying 
influence, and emerge from their lioles and cayems till again 
warned to return by the chill autumnal blast* 

Another remarkable fact connected with this class of am^ 
mals is, that some of them undergo metamorphotes, represent¬ 
ing, at the commencement of their lives, animals inferior to 
themselves in the scale, and appearing only to arrive by de¬ 
grees at their full and proper developementi Thus a frog, in 
its tadpole state, is an aquatic animal—a flsh; and Kke Ashes, 
it has a tail and bs^athes ^ This species of respiroticja 

we simll explain below. After, however, passing some time in 
this state, its tail disappears, its gills ore absorbed, lungs are 
developed, limbs spring from its formerly smooth body, it 
leaves the water and comes on land; it is no longer aquatic but 
terrestrial, no longer a fish but a reptile. During these trans- 
fortnations, corresponding changes are going on within, and it 
is a beautiful instance of prospective design, to observe how 
the littla branches, a 2 )i)aTcntly useless, that sjuing from the 
trunks going to the gills, gradually enlarging, draw oft* the 
blood more and more from the circumference towards the 
centre,, till at last, when the gills have finally disappeared, all 
the blood wdiieh used to go to them is found to have passed 
into these new channels, which united togetlier, constitute the 
great aorta, or trunk, for the nourishment of the whole body. 
The influence of external circumstances in retarding or acce¬ 
lerating this change is extrcmclj’ curious. By a well-conducted 
set of experiments, M. Edwards showed that it was hastened 
by nourishment, heat, light, and the free access of atmospheric 
air; on the contrary, it was delayed by cold, as tadpoles, bora 
late in summer, ore not transformed until next summer or 
spring; also, tadpoles placed in a box, to wliich the water hod 
free access, and «ux^ some feet in the Seine, never became 
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frogs, but grew into gigantic tadpoles ; Wliile others takeilt at 
the same time, and placed in vessels supped' dail^ with the 
sacme water, had undergone their proper dtangts. The only 
wants, in the former case, were light and atmmjpheric idr, the 
deprivation of which was, iherefore, concluded to have* pro¬ 
duced such effects. Now the proteus, an animal of the frog 
kind, presents the strange anomaly of having both lungs and 
gills; the former, however, so imperfectly developed, that it is 
obliged to continue an a(£uatic animal all its life. It inhabits 
the subterraneous waters of Camiolo, and to this situation, 
where it must be scantily supplied with light and aiif*, have 
many naturalists ffttribtited its organization, which th^ look 
on to he the result of an Imperfect metamorphosis, something 
after the manner of M. Edw’afis* tadpoles. IBtill more singular 
is the fact lately mentioned, that several poor wretches bluing 
sought an asylum in tlic darl, and clohe aults beneath the 
fortifications of Lisle, and liaving continued to reside there fox 
some time, the number of defonned and defective children 
bom to them, had become out of all i)roportion great. The 
attention of the Board of J'ublic Health was drawm to it,'l|nid 
an order issued for the closing these receptacles, and for the 
future, preventing their being used as habitations. 

In the two first clabses of animals, all the blood that is sent 
to all parts of the body has previously bctm submitted to the 
action of air; and for this puriiose, as^we have before shown, 
tliey are provided with a double heart, the one side charged 
with sending the blood through the lungs, the other with dis¬ 
tributing the blood thus purified to the body. But in reptiles 
this is not tho casj. The aerated blood ceitainly enters a se¬ 
parate auricle from the blood which returns from the body, 
but both these auricles dischaige themselvcB into a common 
ventricle, so that the two bloods are here mixed, and sent out 
in this state to the body. Now the degree of admixture is by 
no means the same through tho whole class, which causes 
much greater difference between animals belonging to this class 
than can occur between animolB belonging to the class Mamma- 
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Ha. The d^;vee of akixtoTo will eridenily' be measuiod by the 
e&ee of tine aertety fpohog to the lu&gs as compared with the 
common trunk. In frogs this is extremely- small; it ia larger 
respectively, in tortoises and lizards, wliich therefore rise ahovo 
it uf the animal scale. Thr labours of M. Geoibroy St. Hilaire 
liave demonstrated that the crocodile, which ranks at the top 
of this class, and approaches nearest the Mammalia, has aeta* 
ally a double heart, with its ventricles perfect and distinct. 
Ho mixture, therefore, can take place here, but it is aocom> 
plished by means of a vessel which arises from the light ven¬ 
tricle close to the artery of the lungs, and bending over, unites 
itself with the great vessel from the left ventricle, so that the 
body is still supplied with a mixed stream. It is well worthy 
of observation, that before this union takes place, two vessels 
are*8ent off to supply the head and neck, so these parts alone 
receive pure arterial blood ; to t he rest of the body it is SOTt 
mixed. 

In the attempts to trace an imbi'oken chain amongst ani* 
mated beings, the crocodile clearly formed the link by which 
mdmmalia descend to reptiles. The proteus also aifordod a 
sufficiently natural stej) from reptiles to fishes. In this class, 
lungs no longer exist; for, as tbej’- are destined to inhabit the 
great deep, they must be for a considemble part of their lives 
80 circumstanced, as to render it impossible they should bicatlic 
by inspiration and exi)iration. As, however, it is necessary 
that their blood should be brought in contact with oxygen in 
a loose state of combination, atmospheiie air is held, as it %vere, 
dissolved in the w^ater in considerable quantities. The con¬ 
stant agitation from currents, tides, or storms, is amongst the 
means by which this mixture is effected; and thus we observe 
a reciprocal action between, those two great media, in which 
animals live,—^the air, agitating the winter, is j)rohably one of 
the means by which it is saved from growing corrupted, while 
the water, absorbing the air, is by it rtmdered fit for the habi¬ 
tation of aquatic animals. Well might the inspired writer 
say, ** All things work together fox good.” 
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It woold evidently be inconvenient, that a constant oimieiit 
of water dtiould be passing in and out of the body; and to 
avoid the necessity for this, the which in fishes perform 
the part of lungs, are placed externally. Thtey may be de¬ 
scribed as consisting, in the bony fishes, such as cod, saAnon, 
&c., of four arched bones, placed in successicm close behind the 
month of the animal on each side^ and covered by a lid called 
operculum. On these arched bones or branchial ribs, as they 
are called, from their appearance and office*, are epread out 
several fine laminie, or tliin membranous fald% in which tine 
art^ bringing the blood from the heart, spreads itself out 
into very numerous and beautiful ramifications of extreme 
minuteness. Situated on the neck, they communicate by fheir 
base with the mouth, of which, in faot^ they may be waid to 
form the posterior and lateral boundary. The operculum is 
moveable at pleasure by muscles which are attached to it. 
When, therefore, a fish wishes to respire, it takes a mouthlol 
of water, and passing it to the back of iis mouth, sofiers it to 
remain there a moment in contact 'buth its gills, through 
which, at the same time, the blood is freely passing. When 
the water, or rather the air v hich it contains, has acted pro¬ 
perly on the blood, an action which, as we have before 
explained, is not prevented by the very fine moist membrane 
which divide them, the fish lifts its operculum and causes the 
water to be discharged backwards. The blood being thus 
aerated is agiuii collected from very fine branches into trunks, 
which running from each of the branchial ribs, finally unite 
and form the aorta for conveying the blootl to the whole body. 
From tliis, the blood is returned by the veins to a simple 
auricle, thence it passes into a single venlricle, which in turn 
drives it into the branchial artery, and so back to the gills 
again. The circulation, we thus see, is quite simple. From 
what we have said of the mode of respiration, it is clear that a 
trout, before it attempts to breathe, must turn its head up 

^ Bo(»use they Bii|>port the hrantihict or ^Ub premier. 
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against the stream. Were it to attempt this operation facing 
dovra the stream, it would in vain try to let out the, water 
from its gills, for as soon as it had lifted its opercuUmy the 
current would pour in water from behind, in place of suffering 
it t<f discharge what was there. It therefore becomes part of 
the angler’s art, to keep the head of the trout he has hooked 
down the stream, in which situation it cannot attempt to 
breathe, and is therefore the sooner exhausted. 

There is found in many hshes a bladder filled with air, 
and placed in the upper part of the abdomen close against the 
spine, which has therefore been conceived to be in some manner 
subservient to the function of respiration. It seems, however, 
more probable, that it is rather destined to assist the auimars 
motions; and this idisa is strengthened by the fact of the 
swimming-bladder being most considerable in such fishes as 
move with great velocity. It is wanting in flat-fish, where, 
however, the large lateral fins supply its place; also in the 
lamprey, which, in consequence, moves but slowly along the 
bottom of the water. Its situation in the upper part of the 
back, is exactly on the same principle that a bird’s muajles are 
placed on the breast, to prevent the animal overturning, as it 
would do, w’ere a heavier part above. The air contained in 
this bladder is generally found rich in nitrogen; in sea-fish 
Blumenbach says it contains carbonic acid, fr, is, in both 
cases, secreted, and there is generally a vascular and glan¬ 
dular body situated in the cavity, which is probably the 
secreting organ. The bladder sometimes communicates with 
.the stomach, sometimes with the gullet, but is, also, at times, 
quite closed and isolated. 

In the aquatic mollusca, at: the oyster; and the crustoeeay 
such as the crab, lobster, &c., respiration takes place by gills. 
In terrestrial mollttsca, the snail, there is a cavity, the sid€« of 
which are a thin moist membrane, uj)on which the vessels 
ramify; and in this maimer tlieir blood is exposed to the air.- 
Insects have their bodies penetrated in all directions by 
trachea^ or air-tubes, which convey air into the most internal 
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parts. The two principal tubes lie one on each side, running 
the whole length of the body, and arc supplied from small 
external openings, termed stigmata, nine in number, which 
may readily be seen, os figured on the sides of the common 
catcrpillai*. 



Still lower in the zoophytes, or radiated animals, almost 
all distinction of organs seems lost. They breathe as well as 
digest by the common integument, which outside is a skin 
and inside a stomach. 

We have thus run through the scale of animals, very imper¬ 
fectly, we admit, and observed various mechanisms and con- 
tiivances, by which the blood is brought under the action of 
atraosplu ric air. We are now to consider the results of this 
approximation; in other words, the chaiiges tliat it produc®i 
in the air and the blood. And first, as being the easiest inves¬ 
tigated, of the oir. 

The quantity of air taken in at each inspiration, as also 
the total quantity whicli the lungs can contain, have been 
stated in such various inanneis, as to show there is little cer¬ 
tainty yet arrived at. The former has been estimated at all 
intermediate numbei-s from ten to twelve up to fifty cubic 
inches; on the latter, opinions and experiments have been 
equally discordant. Without attempting, then, the hopeless 
task of reconciling or accounting for these diftereuces, we 
shall, with Dr. Bostock, adopt that founded on the very intel¬ 
ligible experiments of Menzies. lie breathed into a bladder, 
of which he had previously ascei'tained the capacity, until it 
was filled, and found that aach expiration vas somewhat more 
than loity cubic inches: he confiimed this result, by attaching 
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his tube to a second bladder filled 'with air, &oin which ho 
inspired, and found, in like manner, that the amount of eadi 
inspiration corresponded nearly with his previous estimate of a 
single expiration. He then immersed a man over his chest in 
a vessel of warm water, and measuring the rise and fall of the 
•water, had the satisfaction to find that it corresponded with 
his former experiments, and those of Jnrin, affording for each 
natural inspiration an average bulk of forty inches. As we 
can, after a natural expiration, force out a further ((uantity of 
air by voluntary exertion, this was next measured, and calcu¬ 
lated at about 170 cubic inches; but still the lungs are far from 
empty, for tliey can never fully collai)se, unless the sides of the 
chest were opened, and the weight of the atmosphere allowed 
to act on their surface. Hy this means about 120 cubic inches 
more might he obtained. The whole contents of the lungs in 
a tranquil state wiU, therefore, amount to 200 cubic inches, to 
which forty being added at each inspiration, will give ?150 cubic 
inches as their contents in a niodeiute state of distension. The 
forty inches changed at each inspiration will, therefore, be 
about one-eighth of the air conta»ed in the lungs, which, 
therefore, after eight respirations, would he entirely renewed. 
Bui about twenty respii'ations are made in a minute, so that in 
that time there passes through the lungs a volume of air e<{ual 
to two and three quarters, or nearly three times their full con¬ 
tents. The quantity of air then consumed by an individual in 
twenty-four hours will amount to 1,152,000 cubic inches, or 
666 cubic feet; a fact of the utmost importance to remember 
in bnilding and furnishing with T^eds, hospitals, barracks, 
prisons, or other places, where many human beings are "to 
assemble together. For the air which has once been respired 
is not again fit for that process, until it has been purified in the 
great laboratory of nature. 

And the reason of this is, that a change has taken place in 
its comj)osition; and if examined, after being once inspired, it 
will be f<»und to contain more carbonic acid and less oxygen 
than before, the nitrogen remaining nearly, though not alto- 
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gether, in its original qnantlty. Thus, of the forty cnhie 
inches of air we take in, about thirty-one or thirty-two are 
nitrogen, and nine or eight oxyg^. The quantity of carbonic 
acid is scarcely noticealile. But of the forty cubic inches that 
we expire, not more than six will be oxygen, the place of 
those which have disappeared being occupied by an equal 
quantity of carbonic acid, which now would, therefore, amount 
to two or throe cubic inches. The air is thus rendered im¬ 
proper for respiration in two ways; by the removal of what 
was useful, oxygeji; and tlio addition of what was deleterious, 
carbonic acid. Now, wore tliis same air breathed over again, it 
is evident it would bt'come still more deteriorated, and so on 
of a third and fourth respiration, till it became quite unfit to 
sustain life. This is what occurs in a diving-bell, when any 
iiccideut happens to the tubes, by which a fresh supply of air 
is sent down. The people are found suftbeated below, in con- 
seciueiicc of having nothing to breathe but the air which they 
themselves had rendered impure; drownini; is never the danger 
to be apprehended, as long as the side's of the vessel arc of 
sufficient strength*. # 

Whether the quantity of carbonic acid produced, exactly 
equalled that of (ixygen coiLsumed, was long a deliated question. 
Exijeriments, made apparently with the greatest accuracy, 
gave opposite results; and while M. Lavoisier, Seguin, and Sir 
Humphry Davy maintained that more oxygen was consumed 
than carbonic acid formed, the surplus being, as they sup¬ 
posed, absorbed into the system, or used in making watery 
vapour, Messrs. Allen and l*epys, Mr. hillis, Magcndie, and 
other chemists and physiologists believed that the quantities of 
each exactly corresponded. It w'us rcsc'rvcd for M. Edwards 
to recoucih‘ this upi)areiit discrepancy, which he did most 
satisfactorily, by showing that the proportions varied accord¬ 
ing to the species of animal experimented on, the season of the 

[* Dr. Ura sayb tliat aa avoratfo-slzed man exhale*) ]6G2 cubic inches 
rarbonic acid gas per hour; and, that BOO cubii' inches of the same gas Ifl 
genemted by the combustion of u single wax candle during the same period.] 
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year, time of day, and other external eircumstanoea, whicli 
had been neglected as non-essential. Attending to these Inah* 
ters, he was able to show tliat considerable dtictuaiions took 
place in the quantity of oxygen consumed, there being at times 
even one-third more than the volume of carbonic acid formed, 
while at other times the surplus was scarcely obsorvable, 

DiflFerences have also existed as to the use of the nitrogen, 
which occurs so abundantly in atmospheric air. Formerly it 
was considered merely as a haimlcss means of diluting the 
oxygen, which, if pure, would be too stimulating to he long 
respired. It is now, however, allowed to have not only tliis 
negative, but a direct positive use, us M. Edwards has shown 
it to be absorbed into the circulation, and again exhaled from it. 
The relative proportions in which it is absorbed and exhaled 
vary with the seasons, in consequence of which respiration is 
fonnd to increase the quantity of nitrogen during spring and 
summer, hut to diminish it in autumn and wiutcr. 

But air which has undergone the process of respiration, is 
also found to contain a certain <£uantity of water}'’ vapoui*, the 
existence of whicli is rendered paii^ularly evident in frosty 
weatlier, when the external cold condenses this moisture, so as 
to make it visible. A considerable portion of this vvater 
comes, not from the lungs, but from the mouth, top of the 
throat, &c.; for Mageiidie observes, tliat in an individual who 
had an opening in tJie upper part of the vsind-pipe, the air 
which was expired througli this opening, cuiitained scarcely 
any vapour. By tho older pliysiologists, however, it was oU 
considered as coming from the lungs, and connecting this w ith 
the fact above mentioned, tliat iii general more oxygen is con¬ 
sumed than carbonic acid pividuced, they fiamed a very in¬ 
genious theory how that the blood in the lungs got rid of two 
principles, carbon and hydrogen, wliicli meeting with the 
oxygen of the atmospheric air, immediately formed two new 
compounds, the carbon forming carbonic acid, and the hydro¬ 
gen forming water, which consequently were to he found in 
the air after expiration. 
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But before procee^iiig to ccajsider this tbeory, wo xauot 
speak of the diaoges which the blood does undei^o in passing 
tiiroiigh tlie lungs. These, though they liave attracted much 
attention, and caused much dispute, are, we regret to say, bat 
imperfectly known. If we open an animal alive, we perceive 
the blood, at the right side of the heart, of a dark-red colour, 
while that at the left is a bright scarlet. The former is the 
venous blood, just returned from the body, and miyed with 
chyle; the latter is the arterial blood, preparing to set out 
again on its course. But in passing from the right to the left 
side of the heart, the blood has merely gone through the lungs. 
It is, therefore, in them that the change has occurred. If, 
however, we now prevent the entrance of air into the lungs, 
the change no longer takes place ; the blood pours into the left 
side as dark as it was in the right, and soon ceases to move. 
The same alteration of colour can be produced out of the body, 
by exposing the blood to atmospheric air, whence we conclude 
that it depends on this as its cause; and as oxygen produces 
the change in a still higlier degree, ai\d no other gas will pro¬ 
duce it at all, the infereijce seems fair that the oxygen of the 
atmosphere is the cause of the scarlet colour of arterial blood. 
Dr. Stevens’s experiments would seem to show that the pre¬ 
sence of some saline matter was necessary to enable the oxygon 
to act; he has, however, totally failed in jjroving that the 
saline matter is, of itself, capable of producing the change of 
colour, and subsequent experiments by Dr. William Gregory 
have fully disproved the possibility of such an occurrence. 

The other differences arc stated to he, that more fibrin 
occurs in arterial blood, which, therefore, coagulates more 
quickly than venous. The latter is richer in carbon ; but this 
is rather inferred from its giving off carbon or carbonic acid in 
the lungs, than from actual analysis. In like manner it is said 
to contain more water,—^more albumen, to have a greater spe¬ 
cific gravity, a less capacity for caloric, and less actual heat, as 
shown by the thermometer. 

It will at once appear, that these few and unimportant 

'■V 
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^tiferenoes are totally inadequate to aeooiM^ f9t the remarkable 
imriefty, in physiological character, that tlieae two fluids 
sent. Nor does a little more or a little less carbon, a sliade in 
colour, a d^;ree in tempeiuture, a trifle in weight, assist us in 
aeccmnting for the fact, that one of these fluids, sent to the 
bnda, nourishes, stimulates, strengthens, and enables it to 
direct the whole system; while the afflux of the other would 
produce delirium, torpor, death. Is it not clear that there is 
some influential power that eludes all oxir researches, that 
defies alike the chemical investigator and the microscopic ob¬ 
server ; in short, a vital pritiripley with which wo can only 
become acquainted by observing its effects? 

We have thus the principal facts of respiration before us ; 
and to account for these, two theories liave been imagined. 
The first, which is only a modification of Priestley’s, jiud which 
we mentioned before, supposes a direct combination to take 
place in tlie lungs lietwcen the oxygen of the atmospheric air, 
and hydrogen and carhon thrown off from the venous blood. 
This has the merit of being extremely simple, and of showing 
at once how tlio carbonic acid and wateiy vapour might be 
formed ; but, unfortunately, it is deficient in facts, there being 
no proof that hydrogen and carl)on are secreted or given offl m 
the lungs from the hlood; and further, it is inccoiicileable 
with the experiments of Messrs. Allen and l^epj s, in w hich 
the whole oxygen was not more than sufficient lor the ciirhonic 
acid produced, yet the watery vapour continued to be fonned 
as usual. The second was originally proposed by La Gnmge, 
and supported by Ilassoiifratz, but ovves its principal celebrity 
and authority to the experiments of M. Edwards. According 
to it, the carbonic «u.*id is fi)mn d gradually through the whole 
course of the circulation, and given off by the venous blood in 
the lungs; at the same time the hlood absorbs oxygen, becomes 
red and stimulating, properties which it gradually loses as it 
gets into the smaller arteries, until at last, in the fine capillary 
vessels, no distmetion can be made between the fluid in the 
last arterial and first venous tubes. This theory is the more 
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prabable of tiie k at present most generally adopted; 

yet it would not be difficult to raise objections, as, for instance^ 
How COB it be reconciled with the result of Mr. Biande’s and 
Sir Charles Scudamore’s eOcperimcnts, which seem to show aa 
equal quantity of carbonic acid in arterial as in votous blood ? 

Connected with this, is the interesting question of the gene* 
ration of Animal Heat. 

Living bodies are endowed with a faculty, by means of which 
they are enabled to resist changes of temperature. The tena» 
animal heat, as applied to the result of this property, is evi¬ 
dently erroneous, 1st., because the power is common to aU 
living beings, plants as well as animals: 2nd., because it seems 
to operate, at times, rather as a principle of coolness than of 
heat; for instance, when Dr, Fordyee, in air of 340* Fahren¬ 
heit, found his ])ody still at the usual temperature of 98* to 
] 00®. On this, however, we shall not insist, as the experi¬ 
ments of M. de la Roche would lead to the conclusion, 
the transpiration from the lungs and i>eTspiration from the skin 
are, in such cases, so abundant as ta account for the lower 
temperature at which the body remains. We shall rather con¬ 
sider the more usual exercise of this property, in maintainiiig 
the btjdy at a temperature above that of tlie atmosphere. Of 
all animals, })ird3 are the best i>rovidcd in this respect, thdr 
heat varying from 106“ to llO" Fahrenheit; next come quad¬ 
rupeds, at about 100" or 101®; and after them men, averaging 
96® to 98". Ah all these degrees are considerably above the 
ordinary temperature of our climate, these animals liave been 
clashed togetlier under the name of warm-blooded animals. 1^ 
on the contrary, we examine the body of a reptile, of a fish, 
and of most of the invertebrate tribes, we shall find their tem¬ 
perature very nearly that of the external air, or only exceeding 
it by about two degrees. Thus Broussonet remarks, that the 
temperature of a fish is about three-quarters to one-half a de¬ 
gree (B6aumur) higher than the medium in which it is im¬ 
mersed ; Despretr: found a carp 63® when the water was 61®.4 
Fahrenheit; and every one knows the proverbial coldness of 6 
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frog. These, therefote, as contradistingimhed from the others, 
ftmn the second great class, or the cold-blooded animals. Phy¬ 
siologists were not long in ohaerving, as counectcid with this 
difference of temperature, a corresponding difference in the 
perfection and energy with which the functioh of respiration 
was carried on. We have already described the very extensive 
apparatus provided for this purpose in birds, who breathe with 
BO inuch rapidity that Lavoisier found two sparrows to con¬ 
sume as much air as a Guinea-pig. But something more is 
necessary, for heat has a tendency, wherever generated, to dif¬ 
fuse itself amongst surrounding objects until ftn equilibrium is 
established. The only means of preventing this, is by enve¬ 
loping the source of heat with certain bodies which it is ascer¬ 
tained have a very imperfect power of conducting it. On this 
principle we cover our own bodies >vith blankets in winter, be¬ 
cause they prevent the rapid communication of the heat gene¬ 
rated within us, to the air or the objects around us; exactly 
on the same pVinciple, in summer, we place blankets around 
our ice-houses, to prevent the external heat penetrating to 
them and thawing their contents. Now, amongst most 
perfect non-conductors of heat that we know, are feathers 
and fur; with the former of which birds, with the latter of 
which the mammalia, are generally covered ; we therefore 
see why they both exceed us in heat, and vhy we are 
obliged to imitate, by artificial clothing, a provision with which 
nature has already endowed them, lii the case of birds, which 
soaring to such great heights are necessarily exposed to the 
most piercing cold, this provision is peculiarly admirable; and 
the use of it was practically Illustrated by the falconei’s, who, 
when training a young hawk, always plucked the down from 
his breast, ivell knowing that, while thus exposed, he would 
never venture a flight to such an elevation as would be beyond 
iheir ken and call. In aquatic birds, which, spending their 
lives on the water, are thus constantly exposed to a medium 
most powerful in abstracting heat, how beautiful and close is 
the plumage, how soft and impenetrable the down, particularly 
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QQ the breast and belly* the ports nearest the wave! So also 
the animals that inhabit the arctic regions: the erminey the 
Siberian squirrel the polar bear, present the finest, closest, and 
most valuable fiirs. But all these are means of keeping in 
heat, and not of generating it; they, therefore, infer that some 
such power as the latter exists in the bodies to which, they 
belong: in all these bodies respiration is an cnetgetic function; 
the question then was obvious—Does not animal heat depend 
on respiration 1 

And looking at another great division of animals (the cold¬ 
blooded), the conclusion would appear strengthened. In the 
reptiles respiration is incomplete, the structure of their lungs 
is less perfect, the number of inhalations less frequent, and 
only a portion of their blood is submitted to the action of the 
air. In Ashes, the quantity of air to which the blood can be 
exposed is small, being merely that which is dissolved in the 
water. In both these the temperature is low, little exceeding 
that of the media in which they live. Cold, therefore, readily 
affects them, and this is particularly ^jbservable in the reptile^ 
wdiich are scaicely to be found, few in number and diminutive 
in size, towards the arctic circle; while between the tropics 
they are of such size, abundance, and voiiety, as to afford a 
ready key to the old Egyptiiin fable, which supposed the cro¬ 
codile to be engendered by the heat of the sun. 

Insects, it is well known, die in these coimtries at the 
approach of winter, liaving first laid their eggs, which remain 
in the larva state till brought forward by the heat of tlie suc¬ 
ceeding spring. It is, therefore, evident tliat for them the cold 
has the same terrors os for the reptiles, and in them also respi¬ 
ration is imperfectly performed*. 

So far there seemed a fair coimexion between the intensity 
of respiration and the generation of animal heat, so that, in 
direct contradictiiou to the old philosophers, who held that 

* Insects, however, which live in society, such as bees, and ants, develope 
very considerable heat. A thermometer placed, during tlie winter, in a bee¬ 
hive, will constantly show from 96** to 99** Fahrenheit, and when we excite the 
insects, their respiration, it is said, becoming morexapid, the heat cieea 
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xeapiration yns used to cool the blood, it was now decided thst 
Tespiration was a means to heat it. 

Dr. Black ms one of the hrst who reduced these Tagne 
ideas to something of a dehnite theory, and his explanation, as 
modified by Crawford, is held by the chemical school of phy- 
fliologists to this day. He found that when carbon was burned 
ha air oxygen disappeared, carbonic acid was formed, and heat 
evolTed* This is exactly what takes place in respiration. The 
«y)ncluSion is clear: respiration is a species of combustion; 
iieniee the more eneigetic the respiration, the greater the quan¬ 
tify of heat evolved. This was simple, at the same time so 
ingenious, that it readily was adopted by a great number of 
converts; an objection, however, was made to it, which even to 
Black himself appeared difficult to he got over. It was this; 
if the heat of the whole body be derived from the lungs as a 
focus, and caused by a sort of combustion taking place in them, 
their temperature must be superior to that of all other organs, 
in feet so high, that we cannot suppose their structure capable 
of bearing it. The reply to this objection, and the perfect elu¬ 
cidation of the theory, were reserved for Crawford; and even 
those who hesitate as to the accuracy of his facts, and do not 
admit his hypothesis, unanimously declare it to be a most 
beautiful and ingenious application of physical and chemical 
reasoning to explain a problem of the animal economy. 

We shall endeavour to explain it to the general leader. If 
a piece of sponge and a piece of bread, of the same size, he each 
dipped into a cup containing water, tlie spoage will take up 
more water fkan the bread. In such cs-jO, we would say the 
sponge liad a greater (.dpmity for water than tlie bread. Let 
us say that the sponge took up ao ounce, and the bread only 
lialf an ounce of water, and that, to the eye, they looked 
equally wety the capacity of the sponge for wuter would then 
be pronounced to be double the capacity of bread. 

Now by any possibility, the sponge could be clianged 
into bread, it is evident that it ivould give out half an ounce 
of water, <md look aa iret as before; or if the bread were 
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changed into sponge^ it could take up an additional half^unoe 
without appearing to hare increased in wetness. 

As bodies are thus shown to Iiato a different capacd^ for 
water, so also bodies may have a different capacity for heat; 
and in this case we measure, not by the eye, but by the 
thermometer. Thus, if a pint of mercury and a pint of water, 
in each of which a thermometer immersed will show 60% aro 
placed in a stove for a short time, and when withdrawn, the 
meicuiy raises the thermometer to 100°, while the water only 
raises it to 80% it is evident tliat the same quantity of heat 
which raises mercury 40% raises water only 20% therefore 
mercury has a greater capacity for heat than water in the pro¬ 
portion of 40 to 20, that is, os 2 to 1. If, then, the water at 
80® were suddenly convolved into mercury, it is evident that it 
could give out 20® of heat, and still continue to show 80° on 
the themiometer, for by the terms of the ex|>erimeat it received 
as much heat as would raise mercury 20° above 80°; while if 
the mercury at 100° wore converted into water, it should either 
at once fall to 80°, or, if heat were in its vicinity, absorb a 
(juantity sufficient to maintain it at its high temperature*. 

Now tins difference in tlie capacity for heat, Dr. Crawford 
showed hy experiment to exist between aiterial and venous 
blood, the former exceeding tlio latter', in tliat respect, in about 
the proportion of 114'5 to 100, or about 11 g to 10. When, 
thert‘fore, venous blood was converted into aiterial, which took 
])lace in the lungs, it was able to take up an additionO)! quantity 
of heat w itliout ap/tearing hotter, as the bread, if converted 
into sponge, w ould take up an addititmal quantity of water 
without appearing wettei. And again, when the arterial 
Tdood became converted into venous, wliich takes place in the 
extreme vessels in all parts of the body, it gives out this heat in 
the same way that water w^ouM if converted into mercury, 
and thus maintains the temperature of the whole body. Wo 

* In thifl explanation we have confined oor attention to the quantities of beat 
tmidorisd in tho fOEporiment as bemr all that was necessary for our object. Wa 
ehould merely have perplexed the general reader, whom it is alvrojns our ol^ect 
to take along with us, had wo entered more at length^to the qnmtfoo ot ** 
cific colonc." 
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thus Bee bow a great heat may be goxierated in tha lungs 
withOfut injuring tb^lr etructure, because at tlie mcanent of 
its productioji is absorbed and rendered latent in the art^tdal 
blood, and bow this arterial blood conveys this heat to oveay 
part, and distributes it to all in their due proportion* - There 
remains but one thing, wliicli is to show that he^ is generated 
in the lung^ and on this Br, Crawford made numerous and 
satisfactory experiments. He showed that the quantity of heat 
dvolved by an animal during the production of a ceztain quan¬ 
tity of carbonic acid by the process of respiration, was nearly 
the same as that gained during tius production of an equal 
quantity by the direct combustion of carbon in oxygen, lie 
showed that heat was evolved, not only during combustion, 
but during jnitrofaction, fermentation, germination, and all 
those processes by which carbonic acid is produced. It was 
then fairly inferred that heat must also be evolved in respira¬ 
tion. This heat is consumed in three uays: Ist. The cold air 
take^ into the lungs mdst be warmed up to the temperature 
of the body; 2nd. tlje watery matter heeroted in the air-pas¬ 
sages must be coiivertod into vapour, in wliich form it is ex¬ 
haled ; and 3rd. tlie increased eapacit}’^ which the fresh-made 
arterial blood has fur heat, must ])c saturated. Tlie wliolc 
tlieory, then, would iliii thus. The dark vepous blood is 
loaded with a q^pmtity of carbon, which is thrown into it in 
its course hy all parts of tbe ]>9dy, Anived at the lungs it 
exposes cari)on througli the medium of a very fine meiu- 
to tlic oxygen, of the atmospheric air, and in consequence 
of the attapoction suhgisting between these bodies, they unite 
and form carbonic acid. The ij^ult is the giving out of heat, 
and its instant absorption by the arterial blood, which, with 
its carbon, has lost its dark colour, and, in consequence of the ■ 
chahge, requires an additional supply of heat. The mode in 
which this heat is applied to use, we have explained above. 
Chemists, and chemical physiologij,ts> still use this theory, 
with a £sw modi^gtiuns, chiefly suggested by the experiments 
of M. Edwai'dsy^pn nnimala whom he caused for a time to 
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breathe an air deprived of oxygen. He found that they stiU 
gave out carbonic acid, and in some cases the quantity giv^i 
out exceeded the whole bulk of the animal, so that there was 
no possibility of attributing it to the oxygen of any fur it 
might have carried into its lungs. It is evident, therefore, that 
carbonic acid, not carbon, is what the venous blood gives off in 
the lungs; and from other experiments of tlie same ingenious 
and talented gentleman, it is concluded that the air taken in 
respiration is absorbed into the blood, that in the minute ves¬ 
sels meeting with carbon, carbonic acid is formed, and thus^ 
heat generated at the point where it is wanted, not generated 
in the lungs and conveyed to that point; that this carl^onic 
acid darkens the blood, a power which it can be shown to hove 
by experiment, and finally, being conveyed to ^the lunge, is 
there thrown off, and a fresh supply of air imbibed. It b n(^ 
so clearly ascertained what becomes of the nitrogen of the air, 
but it seems probable, that being taken intdf the blood it is 
applied to the uses of the system, while other nitrogen, i^hich 
had been so applied, and is now unfit for longer stay in the 
system, is returned into the blood, and discharged by it from 
the lungs. 

We have dw'clt so much on this theory, which besides, 
with the modifications described, is adopted by such men as 
Bo^^,tock, Elliotson, and Turner, that we shall be more brief 
■with the other opinions advanced. 

Dr. John Davy endeavoured, by a well-conductad set of 
experiments, to be found in the Philoi^hwal Transactiom 
for 1814, to show that the difference in capacity fcr heat be¬ 
tween venous and arterial blood, on which so much of Dr, 
Crawford’s theory turned, had no real existence. In cozise- 
quence of the subsequent view’s which we have stated, tliis 
question is now of no importance; for as it appears the car¬ 
bonic acid is not formed in the lungs, of course the heat is not 
evolved there, consequently there is no necessity for increased 
capacity to carry it off. This would seem a confirmation, 
however, of the accuracy of Dr. Dav;y'’s experiments^..as if the 
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capacity were xiraUy greatee^ th« temperature of the arterial 
Uood should be low'er than that of venooa, wliich is not the 
case, the thennometer at the left side of the h^rt generally 
standing a degree or two higher than at the rigli^ | 

By some curious experiments jmbliriied in tlf mlogopAi- 
Cdtl TransactioM for 1811 and 1812, Sir B^jcunf prodie en* 
deayourcd to show that the wliolc theory was ei^nAeous, and 
that animal heat was solely dependent on nervous influence, 
«id had nothing whatever to do with respiration or arterialiBa* 
tion. The action of certain poisons appears wholly exerted on 
the nervous system; of this kind are the woorora and prussic 
acid. If, while an animal is midcr their influence, respiration 
be artificially kept up, the blood ■will undergo its usual 
changes from venous to ailerial, the air will he found loaded 
with carbonic acid, in short, all the chemical pdrt of respi¬ 
ration will he gone through. Having killed, or rendered 
insensible, tw^o rabbits by means of these poisons. Sir B. 
Brodie suftered one to lie untouehetl, while in the other he 
kept up rcH])iration by means of an tdastic gum-bottlo, which 
alternately pumped air into the lungs and drew it out. Tliis 
air, when examined, ap})eared to Jiave undergone the usual 
chtmges, the blood had been leddened, tlie ciiculation com 
tinued, and carbonic acid formed, ^ et this ral)bit liad cooled 
down faster than the other. He re])eated the cxpciinient in 
difleient ways, sometimes destroying the norvou^ influence by 
dividing the spinal marrow, in place of by poison, ])ut the 
results were always the same—^the rabbH in wJiich respiration 
was kept up, cooled faster than tlic rJibit wliich wtiti let alone. 
The action of these poisons tcin])orary, and if life be thus 
artiflcially supported for sonv time, the brain seems gradu¬ 
ally released fiom their influence, and the animal becomes as 
before. In such cases Sir Benjamin Brodie found tliat, exactly 
as the nervous influeucc became restored to the body, so did 
the heat return^ Here, then, was an ♦'utirely new doctrine 
of Animal Heat. It was no longer connected with the gene¬ 
ration of carbonic acid, but was directly under the govern¬ 
ment of the nervous system. * 
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This, howerer, was not long suHfored to pass undisputed. In 
nddition to the asguments with which it wus assailed hj* the 
chemists, followers of Crawford^ it met more formidable oppo- 
ffition ii^m the repetition of the same experiments with difierent 
results by Le Gallois in France, and Wilson Philip in England. 
They observed, what Sir Benjamin Brodie had neglected 
attending to, that diiting life respiration is always proportiooied 
to the wants of the system by a sort of instinct; that, of cemrse, 
jhifi instinct being abolished, and the wants of the system much 
lessened by the low state of vitality to which the whole bo^ 
was reduced by the temporary suspension of nervous power, 
the quantity of fur introduced into the lungs should be oonei- 
derably diminished, otherwise cold air was introduced into the 
interior of the animal, which it did not want, and which, 
therefore, did nothing but lower its temperature. When all 
these circumstances were duly allowed for, they fouiitd,^'%i 
direct contradiction to Sir Benjamin Brodie, tliat the cooling of 
the body was actually delayed by the process of artificial infla¬ 
tion, tliougli,^.'^ coubcqucnce of the ditnimshed consumption of 
V /gen, it ^as not altogether prevented. M. le Gallon^ there¬ 
fore, reverted very nearly to tlic old chemical theory, consi¬ 
dering the nci*veb as only actmg indirectly, by producing a more 
perfect cominunicaliou between the air and the blood; wliile 
D»*. Wilbon Diilip arrived at the conclusion that Animal Heat 
IS a secretion. M. de Blainville sets it down as a simple rttnilt 
of nutrition, and "Dr. Williams embraces very nearly the same 
vieves. All agree that it is, to a certain extent, inilueneed by 
the nervous system; but whether directly or indirectly is a 
point not yet decided. Dr, Marshall Hall found that, in hyber- 
nating animhlb, such as the bat, the temperature fell as idxo 
respiration became less frequent, and the carbonic acid formed 
less abundant; on the other hand. Sir B. Brodie, as we have seen, 
showed tliat as the nervoi influence was restored, so exactly 
did the heat rise. For our parts, we find chemistiy, electro-che¬ 
mistry, and mechanicb, alike unable to explain this phenomenon. 
Wc arc contented to consider it as a property attached to li£^ 
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more especially as it is to be noticed in plants and trees, where 
similar chemical changes do not occur, and similar nerr^RB 
iz^nence cannot be shown to exist. But in so doing we luemi 
not to be considered as offering any explanation. When any one 
shows ns what gravity is, otherwise than by an enumeration ot 
its effects, we shall attempt to show what life is, in a similarly 
n^ptract manner. Meantime we must be^bntent to describe it 
as the unknown cause of known properties. And perhaps that 
is nonsense, but we take the term from wiser men than we 
pretend to be. 

But we must say something of the voice, that feculty by 
means of which we best express our feelings, affections, and 
sentiments; which, modified by the organs of speech, gives 
utterance to the hidden things of the heart, and alike enables 
the sage to commimicate his wisdom and the fool to babble his 
folly. And here we have already made a distinction that will 
require to be attended to: the voice is one thing; it is common 
to ns with beasts, whose cries will express pleasure, or pain, 
rage, sexual desire, or fondness; speech is another tiling, and is 
the peculiar prerogative of man. It is true some animals, such 
as the jay, the parrot, &c., can articulate, but this is not to 
speak: speech is the expression of thought, and monkeys don’t 
speak, says liordat, because they have nothing to say. Tliis 
simple observation, which is as philosophical as it is terse, 
might have saved a world of trouble to different anatomists, 
who spent much time in finding out, by peculiarities of struc¬ 
ture in the organs of voice, why no animals spoke but man. 
Now anatomy is totally unable to resolve the question, inasmuch 
as several animals, who do not speak, can, nevertheless, articu¬ 
late when taught to do so by man; it is evidfnt, therefore, 
that their natural dumbness is not to be attributed to any 
organic cause. In jact, the organ of voice in man is extremely 
simple, being nothing more tlian a tube conveying air, near the 
top of which are placed two vibrating cords, the vibrations of 
which, communicated to the air, throw it into sonorous undu¬ 
lations, and thus voice is produced. Nor are the organs of 
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speech very complicated, being chiefly the lips, teeth, tongue, 
apd palate, all, it will be observed, situated beyond, or exteriolr 
to the place where the voice is produced, inasmuch as it i$ 
necessary to have voice brfbre you can make words, as a car- 
pentei^ must have timber before he can'make a table. The 
relative situation and structure of those parts, will be ea^y 
understood by a ref^ence to the subjoined plate copied'from 
Soemmering’s Iconesyin which t represents one side of the trAcUpa 
or windpipe, bringing up the air from the lungs, here laid 



Vertical eeotion of bond and throat, from front to rear. 


A, cavity for brain; S, ^inal marrow; V, vertobr® or back-bone; T, windpipe; 

U, gullet. 
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BO as to display e, the fine cord or ligament stretched across near 
its upper extremity, and which, by its vibrations, produces voice, 
while be 3 ^ond that are jp, the palate, f, the tongue, with the 
teetli and lips, all, as we have said, engaged in the formation of 
^eech. A more accurate idea of the situation of these vibrating 
cords, commonly called ckordas vocales, may be had from the 
following cut, in which they are represented as they would be 
ee<ai by a person looking down the windpipe, from above, and 
able to descry their situation in the aperture. 

In this cut a is the epiglottis, situated, 
as we have already learned, in front of the 
opening, and ready to shut down on it, so 
as to prevent the entrance of anj’' foreign 
matter; from it we see two ligaments, b b', 
prolonged backwards, so as to constitute, 
as it were, a sort of superior dilated orifice 
of tlie windpipe. The true opening of 
this we see deeper down, at m, and to this 
opening the name of glottis is given; while at either side of it 
are stretched cc', the chordos vocales or vibrating cords, on which 
tbe production of the voice depends; and above these vve ob¬ 
serve two little depressions or cavities, termed ventiides of the 
larynx, the object of which a]i];»cars to be to leave room for the 
vibrating of the cords. 

But we miglit he asked how we know that the voice is 
formed at the exact point which we term the glottis, and de¬ 
pends on tile vibrations such as we have described. Tlie «iueH- 
tions arc very fair, and we proceed to answer them. If an in¬ 
cision be made into any point of the windpipe, below that 
which we have indicated, the voice is immediatelf^ lost, Imt if 
the aperture he in an}" way stopped up, as h^" closing it with 
the hand, a pledget of lint, &c., the voice is restored. It^ on 
the contrary, the incision is made above ih.Q glottis, the voice is 
in no way affected. This, we think, accurately determines the 
locality, inasmuch as, in the firet experiment, the air is allowed 
to escape at a point lower down than the glottis, and no voice 
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is produced; in the second, it is allowed to escape immediately 
after passing through the glottis, and then the voice is perfect* 
Of these facts we liave ourselves been witness. For the seccmd 
question we were satisfied with the general principles of (he 
formation of sound, and the anatomical fitness of the parts to 
act in accordance unth those principles; but M. Magendie has. 
reduced the matter to an actual demonstration, for havii^ 
made such an incision as the second we have described into fea; 
throat of a dog, he seized and drew forward to the mouth of 
the opening, the top of the windpipe, and, holding it there, 
was enabled to observe that, wlien the animal howled or cried, 
the production of sound was always accompanied by a tension 
of the glottis, whU© its edges (the cords of which we speak) 
vibrated in an evident manner. He further found, that he 
might cut the edges of the orifice of the windpipe, or even the 
tops of the small cartilages (the arytenoid), by which it is sup¬ 
ported at its hinder part, without sensibly affecting the power 
of producing sounds; but that as soon as he cut those liga¬ 
ments the animal became muti!, and tlie same effect W'as pro¬ 
duced if he cut the nerves going to the small muscles hy which 
these ligaments were moved. 

From these experiments it seems beyond all doubt, that 
the voice is produced as w^e have described ; but, not satisfied 
with knowing this much, pliysiologists insisted on knowing 
more, and, as tliey proceeded luther by the good old way of 
conjecture than the good new way of experiment, tliey soon 
became involved in a variety of conflicting opinions; some 
insisting that the human larynx w’^as a Avind instrument, like a 
flute, others that it was a stringed instrument, like a fiddle, and 
others, again, that it was a reed-instrument, like a flageolet or 
organ. For our parts, we think it is neither a flute, a fiddle, a 
flageolet, nor an organ, but a larynx; simply a larynx. But 
we must describe our larynx a little more perfectly to enable 
our readers to understand the cause of our opinion. The 
larynx, then, is placed like a box or case round the top part of 
the windpipe, to afford a firm, and in some measure resonant. 
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fiaibric for the attaoboient of the parts immediately cono^nted^ 
in the production of voice. It is composed of three principal 
cartilages; the one like a ring, whence it is called crioo^id*, 
surrounds the top of the windpipe, os if to give it a hnish. 
This cartilage is much wider behind tlian before, or may be 
compared to a signet-ring, the seal part of which should be 
tamed backwards. It forms the base of the larynx; and 
above it, in front, is placed the thyrotdf or shield-shaped 
cartilage, which is of considerable size, particulariy in the 
neck of the adult male, where it is commonly known under 
the name of Adam’s apple, and not only forms the front Of the 
larynx but runs far hack on the sides. This will be clearly 
understood from the following cut, in w'hich a is a fiunt view 
of the thyroid cartilage, separated from all the rest; n a side 
view of same, in which a is the anterior and p the posterior 
extremity: o is the cricoid or ring-shaped cartilage, with its 
deep part behind, while the thyroid fits down upon the narrow 
part in front, in a way we shall presently describe. 



The third caitilagc is the aryteno'idX or funnel-shaped car¬ 
tilage, which we should rather describe as two distinct carti¬ 
lages, one for each side, placed on the top of the elevated part 
of the cricoid cartilage ; and thus completing the back part of 
the larynx, which, when aU its parts are put togetlier presents 
the appearance represented In fig, 1, when viewed in front; in 
fig. 2, when viewed from the side; and in fig. 3, when viewed 
from behind; and in each of these figures, the same letters 

* From uptMft a ring, and form or shape 

t From fiupiof, adiiald, and kSo;, slmpe:— 

t From funneUthaped. < 
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lepment the eame parts, a being the thyroid cartilage; 5 tfce 
anterior or narrow, and c the posterior or broad part of the 
oficoid cartilage ; d d* the arytenoid cartilages, resting on the 
latter and meeting at the summits; e d the horns of the thyroid 
cartilage, and/the epiglottis. 



Anterior, Interal, and posterior views of the Larynx. 

% 

These several cartilages ore not fixed, but moveable upon 
one another by muscles: the cliordte vocales, also, are by no 
means to be considered as simply elastic ligaments, str^ned 
between tlieir extreme points, and obliged to vibrate when 
blown with sufficient force, like the strings of an .^olian harp. 
They are, on the contrary, living ligaments, endowed not with 
a mcchmiical but a vital elasticity; and supplied with muscles, 
which regulate all their motions to the nicest degree, placing 
them in that state of tension and parallelism which the inge¬ 
nious experiments of Dr. Willis (recorded in the Cambridge 
Philos^hical Transactions, vol. iv.,) show to be necessary to 
the production of sound ; and not only that, but moving tbem 
in every the slightest change of tone, so that we cannot doubt 
that every turn or trill on the human voice is jiroduced by a 
succession of muscular contractions, as surely, though not so 
obviously, as a shake on the violin under the fingers of a 
Paganini. This is the reason why we say a larynx is not a 
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ftute, nor a fiddle, nor a flageolet, nor an organ, but a lofynas^ 
that is, a living instrument, which can give or withhold its 
sound, so long as no part of its mtal apparatus is impaired, and 
whose vibrations depend not on any external impressing agent, 
but upon a power existing within itself. This it is that has 
rendered it a subject of such difficiilty to mechanical philoso¬ 
phers, who have each been making their pipes, or their 
whistles, or their trumpets, and endeavonring, fiom the 
mechanism of these, to explain all the circumstances of the 
formation of the human voice. It is true that, in this way, 
rude imitations of certain sounds may he made. The vowel- 
sounds particularly, are said to have been imitated by Kratzen- 
stein and Kempelen, in the last century, and we believe with 
still more success by Mr. Willis and Mr. Wheatstone in this. 
Nay, we are told by Rivarol, that the Abbe Mical made two 
colossal heads which could deliver entire sentences, hut he 
unfortunately broke them, in consequence of not obtaining 
from the French government the reward which he thought 
his ingenuity merited; and as he left no record of the 
mechanism employed, wc know nothing further than the 
anecdote we Imve mentioned. Kratzenstein, indeed, has left 
us full information as to the means he employed; wliich were 
simply pipes or tubes of different figures, with reeds of an 
ingenious construction inserted in them, which, on being 
blown through, sounded a e o u L Figures of thes(i different 
pipes may be seen in the plates to the first volume of Dr, 
Young’s Lectures on Natural Philosophy, or in the Transactions 
of the Petersburg Academy fei* 17B0, in which publication the 
essay first appeared. But wliat do all these experiments 
amount to further than tiiat the art of man can, with infinite 
pains, and labour, ;tnd calculation, produce from inorganic or 
dead matter, very imperfect imitfitions of a very few out of the 
countless variety of sounds which, with a scarcsly noticeable 
exertion, the living larynx can send forth. When mechanical 
philosophers, therefore, urge it as a serious objection agmnst 
physiologists, that they attempt to study the voice by observing 
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the organs of speech*, it would appear that physaologirta 
might fairly retort upon those who seek to illustrate the phe¬ 
nomena of voice by instruments, deprived of the most impcKrt* 
ant element in its production—^life. The whole point, in 
^ort, seems to lie in two words: we study wice, they study 
80 Wfld\» 

One objection may be urged against the theory, that voice 
is altogether vital, which is, that if you take the wind-pipe of 
a dead animal, and press towards each other the arytenoid car¬ 
tilages, so as to render tense the cJwrdas mcales, a current of air 
directed from the lips, or a bellows, through the wind-pipe 
will then produce a sound. But this is merely an apparent 

* Mr. Willis’s words are, Kcmpcloa's mistake, like that of every other 
writer on this subject, appears to lie in tlie tacit osfiumption that every illustra¬ 
tion is to bo souKht for in the form and action of the organs of speech themselves, 
which, however paradoxical the assertion may appear, con never, f oonteod, 
lead to any uecurute knowledge of the subject." If by “ the subject,” ho means 
voice and speech, the assertion is Bufhciently paradoxical, despite his subsequent 
explanation, which, by the way, refers all not to voice but to sound: but we find 
much more paradoxical his opening assertion, that Kempelen and cver> other 
writer had sought all their illustrations in the organs themselves, when he has 
just hoen occupying two iiagcs of his essay in recounting the difierent tubes,, 
pipes, spcoking-muchincs, &c., of Friar Uacon, Albertus Magnus, Jiarchcr, 
Bishop W'^ilkins, Mical, Kratzenstoin, &c. Ate., which were certainly at least 
intended to be *' illustrations of the subject." 

Wo lannot, however, sufifer ourftelves to disagree in one respect from Mr. 
Willis’s opinions without acknowledging, generally, how much we admire his 
second truly cxeclJciit paper on the Mechanitm of the Larynx, in which, he 
enters into an cxaiiiiiiatiun of the structure and functions of its several liarts in 
a manner deserving of all praise. 

[t ” Mr.Willis, of Cambridge, has recently adapted cylindrical tubes to a reed, 
whose length can be varied at pleasure by sliding joints. Upon drawing out the 
tube, while a column of air from the bellows of an organ is passing through it, 
the vowels are pronounced in the order, i e a ou. On extending the tube, they 
are repeated, after a ccTbiin interval, in the inverted order, u o a e u After 
another interval they are again obtained in the direct order, and so on. When 
the pitch of the reed is very high, it is impossible to sound some of the vowels, 
which is in perfect correspondence with the human voice, female singers being 
unable to pronounce u and o in their high notes. From the singular discoveries 
of M. Havart on the nature of the human voice, and the investigations of Mr. 
WiUib on the mechanism of the larynx, it may be presumed that ultimately tho 
utterance or pronunciation of modem languages will be conveyed, not only to 
the eye, but also to tho ear, of imsterity. Had the ancients possessed the means 
of transmitting such definite sounds, the civilized world would still have 
responded in sympathetic notes at the distance of hundreds of ages The 
Connection of the Physical Sciences, by Mary Somerville. 2nd ed., p. 179.1 
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objection: it is, in fact, a real confirmation. True, yQu do 
produce a sound, but is this sound voice ? You make a noise, 
mid the mechanical philosophers can make as good a noise witJ;;L 
their tubes, exactly because you are both acting on dead matter. 
But where ore all the delicate inflexions, the modulations, the 
intonations, that gave expression, and sweetness, and power? 
They are gone,—gone with the life; and you can ec|ually 
destroy them during the general life of the animal if you 
destroy the relcMonal life of the part, as can be done by cutting 
the fine nerves by which it is supplied; cut those of one side, 
and the voice is weakened; of both sides, and the voice is 
gone. 

The ditferent tones of which the human voice is capable in 
singing or reciting, seem also to depend on these cords. Nume¬ 
rous theories were formed as to the mode in which they acted, 
some supposing with Ferrein that it "was tlie greater or less 
tension of those cords that produced the acuter or graver 
sounds, just as the string of a violin will give a higher sound 
■when screwed up, a lower when let dowm. Others thought 
tliat it w^as according as the glottis was more or less open that 
the tone varied ; others thouglit that the raising or dejircssing 
the larynx, which any person may observe, by plticing his 
liand on his own throat as he sings the gamut, afforded the 
true explanation. M, Magendie, however, put an end to 
guessing on this point also, and the experiment which he made 
for the purpose he thus describes. 

“ I laid bare the glottis of a lunsy dog, by cutting between 
the thyroid cartilage and the hyoid bone; (this is immediately 
above the thyroid cartilage, so that he did not injure the 
chordse vocales, or interfei’c with the passage of the air through 
them.) I then saw that wdien the sounds are gi*ave, the liga¬ 
ments of the glottis vibrate in their w^hole length, und the ex¬ 
pired air passes out in the whole length of the glottis. In 
acute sounds the ligaments do not vibrate in their anterior 
part, but only in their posterior, and the air passes only in the 
part whirli \ubrates; the opening is, therefore, diminished. 
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Lastly, when the sounds are very acute, the ligaments present 
vibrations at their arytenoid (posterior) extremity only, and 
the expired air passes only by this portion of the glottis. It 
app^s that the extreme limit of acuteness in sounds happens 
when the glottis closes entirely, and air can no longer pass 
through the larynx*.” 

A circumstance, familiar to every one, strongly hears out 
these observations of M. Magendie, and that is the prominence 
of the thyroid cartilage (Adam’s apple) in the neck of men, 
and not in those of women and boys. The explanation is this: 
the chordee vocales, as our plates will show, are attached be- 
liind to the arytenoid, and before to the thyroid cartilages; 
consequently if these cartilages remove to a greater distance 
j&x)m each other, the cords must become longer. But tliis re¬ 
moval cannot take place by the retiring back of the arytenoid, 
for it is placed just against the gullet, and if it went further 
back, would interfere with our swallowing : it must, therefore, 
be accomplished by moving forward the t hyroid, and tliis takes 
place in bo 3 's just at the age of puberty, when, as every one 
knows, the voice becomes of a deeper tone, in consequence' of 
the lengthening of the cords, and is said to he cracked; the in¬ 
dividual producing sometimes a high tone, sometimes a low, 
not having yet learned exactly to adapt the muscular contrac¬ 
tions to the new state of his vocal cords. This cliange never 
takes ])lace in women, consequently their voice at all times 
retains the high tone it had in childhood. 

But there are certain modifying circumstances, which also 
require consideration : we have shown how a diversity of notes 
may he produced, but each of these notes may be stronger or 
weaker,«. e., in accordance with the musical expressions forte 

* With this latter conjecture we are not quite inclined to agree; it is M'eU 
known that a iwrson attempting to bring out an extremely high note wiU some¬ 
times break down in the middle of it, the mouth continuing open and air passing, 
1)ut no sound being heard. From the air passing, it would appear that theglottis 
WHS open, but the cause of the intcrruj)tion of the voice is the Inahilit}^ to main¬ 
tain the powerful muscular contraction necessary to the production of veryOcuMs 
tones. The oompleto occlusion of the glottis occurs when we make violent efforts, 
as we then always " hold in our breath.” 
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taid piano: there is, furthermore, wliat the French call 
which seems to answer to what we call quoMty of voice ; thus, 
of two persona miiging the same note, one may sing it in a 
inelodions, another in a harsh, tone ; one may have a mellow, 
the other a wiiy, voicewhence, then, originate these diffe¬ 
rences? 

With regard to the first, it would appear that the greater 
or less quantity of air forced out in a given time, is the chief 
means of increasing or diminishing loudness, by increasdng or 
diminishing the extent of the vibrations. A certain adaptation 
of the parts, however, is here required, otherwise not only 
would the intensity be increased, but the tone would be raised. 
Every one who has listened to the wind blowing through a 
key-holej knows tliat as long as the wind is gentle and mode¬ 
rate, there is only a low cooing, or murmuring sound pro¬ 
duced ; but when the strength of the wind is mucli increased, 
and it blows a storm, the cooing rises to a slirill whistling, or 
shrieking sound, many intervals more acute than it was heard 
before. Now the same should take place if our glottis were 
immoveable every time we attempted to shout or cal) out 
loud; that it does not take place, is the result of our 
larynx being a vital instrument. It seems moi'c difficult to 
explain the difference of quality in different voices, and this is 
the less to be wondered at, when we find persons most skilled 
in acoustics and mechanics unable definitively to assign the 
cause of difference in quality of two violins, which they can 
take in their hands, measure, weigh, inspect, take to pieces, 
and examine in every possible manner. In both cases, how¬ 
ever, it appears probabie that the proportions and the quality 
of the mateiial must be tiie most important elements, and set¬ 
ting out from this foundation, M. Gcoffroy St. Hilaire endea¬ 
vours to show how we may account for the weak and wailing 
voice of infancy, when the cartilag»*s are still soft, spongy, and 
yielding; the more powerful and resonant voice of maxdiood, 
irhen all the parts have acquired their due proportions, hard¬ 
ness, and strength: the alterations produced in the voice by 
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disease, when the lining membrane of the larynx becomes 
thickened and engorged by inflammation; and, finally, the 
disagreeable, broken, and cut voice of old age, when the parts 
have no longer an unimpeded freedom of motion, and are no 
longer of an uniform density, bony matter being then generally 
deposited in different parts of tlie cartilages. ‘The influence of 
such causes we couceive to he undoubted; but we join Pi- 
orry in tliinking - that further modifications may be accounted 
for by varieties in the thickness, consistency, length, and 
structure of the chorda: vocales, as (to use ourselves a mecha¬ 
nical illustration) varieties in the quality of tone of a violin 
may be undoubtedly produced by altering the size and quality 
of its strings. The nature and form of the cavity through 
which the voice pusses after being formed, must also be taken 
into account, and tins includes the considcTatlou of the pharynx, 
the mouth, the posterior nostrils, &c. &c. 

Mr. Willis, indeed, insists on it tliut this ^- 

latter consideration is alone sufficient, without VarfaWe. 1 
any attention to the former, and he n^gues in Cavity, 

tliis way. The vocal mechanism may be consi- ] 

dered as consisting of Imgs or bellows^ capable of 

Tifl]*viuc 

transmitting, by ixieans of the connecting loind- \ 

pipe, a current of air throng] i an apparatus con¬ 
tained ill the upper part of the windpipe, ^ 

termed the la/iynx. This a])paratus is capable of g 

producing various musical notes, which are I|- 

heard after jiassing through a mriahlc caoitg, 
consisting of the pliaiyiix, mouth, and nose. 

Now, if this arrangement he artiticiuU}' imi¬ 
tated, by combining together pipes and cavities, 

with bellow^s in a similar order, and substituting_ 

for the larynx an elastic lamina, capable of pro¬ 
ducing musical notes when vibrated by the stream of air, it is 
found tliat, by changing the form of the cavity above it, the 
various qualities which distinguish the continued notes of the 
human voice in speech, may be so nearly imparted to the sound 


Varialilc. 

Cavity. 


Larynx. 


£ 

D« 

•s 


Ijimgs, or 
Bellows. 
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which the imitative larynx is producing, as plainly to show 
that there is no nece^iy for seeking any power of altering the 
quality of the notes in the larynx itself. This, then, may be 
considered merely as an instrument for producing certain 
musical notes, which gre afterwards to be converted into 
vowels, liquids, * &c., by the proper ^cuages of form in tlie 
superior cavity. 

On reviewing this sentence, however, it will be found that 
Mr. Willie does not absolutely disagree with us, though his 
terms might lead to the supposition, for a little attention will 
show that he does not attach the same meaning as we do to 
word quality of voice, but uses it to express that modification 
by which voice is formed into vowels, liquidbs, &c., in short, 
whAt we'«all articulation. 

With respect to the quality of the voice, Vicq d’Azyr makes 
the inte'festing observation, that its fineness and excellence 
seem, in general, to he exactly proportioned to the simplicity 
of the organs by which it is produced. Thus, in man, the 
?whole construction, as we have seen, is of extreme simplicity, 
slit between two vibrating cords, suppoi-ted by cartilages, and 
governed by muscles ; while in tlie monkey tribe, it becomes 
complicated, with one or two membraneous sacs, or in some 
even wnth an irregular bony cavity, communicating by a hori- 
libntal passage with tlie larynx, immediately anterior to the 
diordas vocales^ while, at tlie same time, the voice has become 
altered and deteriorated, and the power of ai'ticulation is lost. 
In the digitated quadrupeds, such as the dog and cat, the 
larynx bears much resemblmice to the human, except that in 
the latter, immediately below the chords vocales, aiu placed 
two very fine membianes, Avhich vibrate when air is forced 
even into the dead vdnd-pipe, and produce a sound extremely 
similar to tlie purring of the animal when alive. In the pig 
the epiglottis is large and thick, the edges of tiie glottis are 
iiard, cartilaginous, and pierced by a cleft, which allows theair 
to^passanto two cavities occupying the place of the ventricles, 
firom which the air is expelled, by means of the muscles which 
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tltem, with a In th« horse M. Herissaat de« 

scribed two small triangular membraneB, situated at the extre¬ 
mities of the glottis, and which he supposed to be connected 
with n(dffhmp. This structure is wanting in the mule and 
ass, who,-however, have one more singular in a little cavity 
hollowed out in the thyroid cartilages, across which is drawn 
a tight membrane, like the parchment over the head of a 
drum, hut admitting air behind it, and producing very consi¬ 
derable, though, from the Want of muscular fibres, unmodified 
vibrations. In the bat the chordae vocales are extremely 
reduced in size, and in some species quite wanting, which will 
account for their muteness, or tlieir feeble imperfect voic^; 
another peculiarity of this order is, that they want th'O- epi¬ 
glottis, a character which is also to he observed in birds. ' Plrds 
have no epiglottis, but its place is supplied by circular muscular 
fibres w'hich run round the top of the windpipe arid close it 
at will, so accurately as completely 40 prevent the enhance of 
any foreign body. Tlie proper larynx, or organ of voice, 
appears to be situated in these animals low down in the neck, 
or just where the windpipe is dividing into its two principal 
branches, and the distinction, liefore noticed is equally appli¬ 
cable here ; in birds of sweet and jnelodious voice the oigan is l 
simple, as we see in the canary-bird and nightingale ; m those 
with loud, harsh, or disagreeable tones, it ia compound, fiup- 
nished with additional membranes, of even having the wind¬ 
pipe twisted into convolutions, of which forms we liave exam¬ 
ples in the goose, the wild swan, &c. To these characters we 
must add, that in the singing-birds the lowe® or proper larynx 
is surrounded by abundant muscular fibres, wlience its various 
intonations ; but it appears membranous and devooi of muscle 
in the duck, the chicken, the bustard, that have only a cliKk, a 
qucbcky or some other monotonous note. In feptiles the voice 
seems to reach its last term, and «ven to become extinct upon 
the total disappearance of the paiis the larynx. In front of 
the glottis of the frog are plaoed two long vibrating ligamertta^ 
perfectly detached from the surrounding parts, and incased ia 

T 
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a oartflaginoTja fisune of a lozcngfp-shape, the front extremitj' of 
trhich k in oontact with the hack of the tongue. Those are 
the oigans which give the long deep eroak, so annoying to any 
one who has ever had occasion to attempt sleeping in the 
vicinity of a marsh inhabited by animals of the frog-kind. In 
serpents, the larynx and cords may be said to be quite gone; 
the windpipe opens behind the tongue in a long narrow slit, 
and the sound is reduced to the hissing of air rushing through 
a narrow passage. 

We can say but a very few words respecting speech and 
articulation, and this is of the less consequence, as these mat¬ 
ters aro to be foimd treated of in numerous popular works 
already within the reach of every one. The vowels are simply 
voice modified by the siiape of the cavity through which it 
passes, and it is those that mechanicians have been most suc¬ 
cessful in imitating. Any person may satisfy himself as to the 
mode of tlieir formation, who will take the trouble to pronounce 
the five simple vowel sounds, a broad, as in call; c broad, as 
in fete; i as cc in tree ; o as in grove; u as oo in food ; and 
observe how they gradually proceed, as it were, from the hack 
of the throat to the front of the lips, with corresponding modi¬ 
fications in the degrees to which the mouth is opened and 
elongated. Of course the vowel sounds may be as numerous 
as those modifications can be made appreciable. Dr. Amott 
says about twenty of them are sufficiently distinguishable, but 
few languages comprehend more than twelve. Mr. Wheat¬ 
stone, ill an ingenions note inserted by Dr. Elliotson in his 
fourth editicjii of s Phy^olopy, indicates a double 

series of vowels difioring in their mode of formation, and 
divei-ging from aw {call ; as a central point. In the first series^ 
lie says, the external* aperture remains open, and the internal 
cavity gradually diminishes by the successive alterations of the 
positions of the tongue: in the second series the positions of 
the tongue are successively the same as in the first series, but 
the aperture ofthe lips is diminished. We do not exactly under- 
ctand the tidble which Mr. Wheatstone professes to have oo&- 
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^triicted upoa tliia principle, and in which ho odds to the two 
series, thus defined, a third, of which ho j^'ves no further 
4efinition than is contained in the brief note *^fip3 nearly 
olosod,” which we think might very well be included in his 
second series, marked as “lips paiiially open*.” We are in- 
clined also to question his ideas of pronunciation, when he tells 
us the long sound of aw is to be found in emgH; whereas, it 
appears to us evident, that in this word the aw, as soon as 
formed, must be closed by the t, or the speaker would be said 
to drawl, and, wo believe, the difterence usually made between 
tho long and short sounds of a vowel is, that the former may 
be Bustoinud. We must equally object to his making two 
distinct vowel sounds of the o in co^t, and the o in court, as a 
moment's consideration liere will show that tho modification 


* Having alUuloJ to Mr. "Wheatstone’s views, and dissented Arom some of 
them, perhaps it is hut Ian that wc should give his tvhlo in full, adding hia ovnt 
e 2 .planatign —“l^nch of theso -vowela may be long or short, accordti^ to iJbo 
duration of its sound in a syllabic ” 

Tabi f of VOWBIB. * 

llaeli series formed by tho gradual elevation of the tongue. 


First Bents Tho Ups 
fully ojieii. 

Second Sci k s. The lips 
partially open. 

Third Series. The Ups 
nearly closed. 


As pronouneed. 


Ab pronounced. 


As Ihronounoed. 


long, 

in 

Short, 

in 


Long, 

in 

Short. 


Done, 

in 

Short, 

in 

1. aw 

2. ah 

3. ac 

4. O 

5. e 

cought, fall 
fotlior, tar 
nof (Scotch) 
fair 

feet, the 

folly 

dull 

man 

mrt 

fit 

6 0 
7.0 

3. ett 

9. eu 
10. 

coat 

court 

bonhn/T (Fr.) 
afTreux (Fr.) 
ExpresstKl in 
German by u, 
in Danish and 
Swedish by i, 
in Dutch and 
French by ti. 

Not used. 

* 

11.00 

ood 

fuU 


The third serter appi ars to bo a series composed of an individual, which is 
rather a novelty. Other observations, in addition to those which wo have wntdA 
above, will, doubtless, oocur td any person who peruses tho table with attetttton. 
It is one of the latest constructed, but we must say it appears rather the wn|; 
of aphflologist than a phyriiologist. 

t2 
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depends altogether on the comeqvmt eomonaTit; and if this he 
considered sufficient ground for distinction, he should not have 
stopped at hut given us distinct vowel sounds for almost 
every comhination of which each vowel is capable: thus, in 
the present instance, he ought to have distinguished the o in 
cobra, cove, oo«t, cone, cole, court, coke, &c., because in each of 
them tlie vowel sound is interrupted by the consequent con¬ 
sonant in a different part of the moutli, which is the only 
distinction between the o in coot and the o in court. To exem¬ 
plify this in the clearest manner, let the oa of the one, and the 
ott of the other he followed by the same consonant, and their 
sounds at once become identical: who can distinguish in pro¬ 
nunciation between coarse and cowrsc ? 

Of the consonants, perhaps the clearest account is that 
given by Dr. Amott, wdio considers them as resulting from 
the interruption of the true, or vowel sounds, by the closure 
or approximation of the pai-ts througli whicli they are passing. 
Thus, let any one fomi the sound a, and suddenly stop it, by 
closing his lips tight, and he will ])laiiily liear the syllable ap: 
if the closure have been effected softly, and without compress¬ 
ing the lips, the syllable will be o^. In tliis way w’e get p and 
h, two of the labial consonants, as the effect to the ear is quite 
the same, whether the consonant he pronounced before or after 
the vowel. 

If now, in place of the lips, we stop the sound with the 
tongue, by causing it to strike the palate, just behind the 
teeth, we get the sounds at and ad, that is, t and d, according 
as the closure has been effected tightly or softly. But if we 
use not the tip, but th'i middle of the tongue, so that it may 
rise up against the palate deeper in the mouth, we have the 
sound ak, ag; and still further hack, if the modification be 
made at the top of the throat with the very root of the tongue, 
we shall hear the ch of the German preposition nach, the same 
as the closing sound of the Scotch loch, or the Irish lough. 
This is a sound which Englishmen find some difficulty in 
forming. If now we go through the three positions already 
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indicated, viz., the lips, the tip of the tongne, and middle of 
the tongue, allowmg, at the same time, the sound which is 
Stopped in the mouth to continue through the nose, we shall 
hear am, an, and ang, or the three nasah, m, n, and ng (as in 
hang), the last being the nased sound so much used by the 
French, whose language requires in so great a measure to he 
spoken through the nose. There are various other modifica¬ 
tions for pronouncing the other consonants, but all explicable 
on a similar principle; we shall only notice one more: viz., 
that made by closing the lower lip against the upper teeth^ 
which, as like the positions already mentioned, it may be done 
in two ways, gives us two sounds of and av, or the consonants 
/and V. From principles such as these Dr. Amott has been 
led to a consideration of the best mode of treating stuttering, 
lisping, and other deficiencies in the use of the vocal organs 
and has laid down some rules equally philosophical and simple, 
by a proper attention to which, it seems more than probable 
that any intelligent person would be able to cure himself. “A 
lisping person, for instance, is cured at once, by being told that 
the tongue must not touch tlie teeth in pronouncing the letter 
s; and a Frenchman, who deems it impossible for him to pro¬ 
nounce the English sound of th, discovers that he cannot avoid 
doing so, if he rests his tongue softly against his teeth, when 
opened a little, and then forces breath or sound to pass between 
the tongue and teeth.” 

We promised a few words respecting sighing, coughing, 
yawning, &c.: they are all only different modes of respiration. 
When a person becomes occupied with some absorbing re¬ 
flection, as when one sits overwhelmed with silent grief for the 
loss of a dearly-loved friend, the entire attention is devoted to 
the image with which the mind is occupied, the appeals mode 
by the organs of sense to the brain are unnoticed, and foreign 
objects pass disregarded; even the vital functions seem to sym¬ 
pathize with the general concentration, and suffer their action, 
as it were, to flag, or be imperfectly performed. The lungs 
rise less frequently in respiration, because the intercostal mus- 
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cles and diaphragm, which should expand the chest, BTiflFer 
intervals to elapse between each performance of their office. 
In conseijuencc the blood is less rapidly'’ aerated, and less easily 
passed through the lungs: it begins to stagnate and collect in 
the right side of the heart, to which it is returned as usual 
from the body; the right auricle and ventricle are clogged and 
overladen, there is a feeling of heaviness and oppression, well 
termed “ the sickness of the heart,” wliicli increases until the 
anxiety and distress become so painful as to attract attention;; 
the vital system seems, then, to be sensible of what is wrong, 
a sigh, that is, a deep inspiration, is made, the effect of which 
is to expand the lungs and take in a large quantity of fresh 
air; the increased size of the lungs pennits the labouring heart 
to rid itself of its superabundant quantity of blood, which the 
large supply of air serves at the same moment to purify, so 
that we perceive a degree of physiological accuracy in the no¬ 
velist’s description, “ his heart was ready to hvirst, when a suc¬ 
cession of deep sighs appeared to afford liim some relief.” A 
sigh carried to the deepest, and accompanied during expiration 
with a slow vibratory motion of the vocal cords, constitutes a 
groan. Sobbing also would appear to be but a modification of 
the same action, in which the full, deep inspiration, is broken 
into a number of successive short inspirations by a catch, which 
in weak nervous people is a))t to become convulsive or hyste¬ 
rical, in the descent of the diaphragm. 

Yawning is, in the mechanical part of its execution, ex¬ 
tremely similar to the above, except that the expiration is ge¬ 
nerally as long and slow as the inspiration, and often accom¬ 
panied with a ringular voice. It seems generally consequmit 
on a fatigued state of the muscles of the body, in which the 
muscles of respiration share, and thus performing their work, 
as it were, imperfectly, are at times obliged to take in on extra 
supply, for which purpose the mouth gapes, and the jaws are 
separated widely, so as to admit as much air as possible. 
During sleep, respiration is also slower, so that upon waking 
most aniinais yawn and stretch themselves, as if to awake all 
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their muscles to the proper tone for renewed action during the 
day. According to Richerand the crowing of the cock and 
flapping of his wings are intended to serv^e this purpose; he 
, adds, that the concerts with which the tribes of singing-birds 
fill our groves at sunrise, have their origin in the some cause, 
though ho forgets to say whether their evening song is to be 
considered as yawning before they go to bed. 

A cough is a sudden and forcible expiration, the object of 
which is to cause a rapid current of air from the lungs along 
the windpipe, which is, at the same moment, contracted by 
the small muscles which lie along its hinder part, so that the 
air, rushing with force through a narrow passage, may bring 
along with it any superfluous quantity of mucus or any foreign 
matter which may have come in contact wdth the line lining 
membrane, and so have excited irritation. This is the reason 
why people cough after having, as it is usually termed, caught 
>cold. The eflect of cold directed, as most frequently happens, 
COQ the sensitive membrane which lines the nostrils and air- 
parages, is to produce an afflux of bloocl to this part, in con¬ 
sequence of which the glands with which it is supplied form a 
lai’ger quantity than usual of their proper mucous secretion j 
this w'ould in a short time accumulate, so as to impede the 
passage of air, did we not remove it from the nostrils by blow¬ 
ing, that is, by closing the mouth, and so causing ^1 the ex¬ 
pired air to pass tlirough them, and from the windpipe by 
coughing, the mechanism of which we have already noticed. 
Sneezing differs veiy little from coughing, except that it ia 
generally more violent, and the air is, as in blow'ing, directed 
almost entirely through the nose, the object generally being to 
dislodge some oSending substance from its internal and very 
sensitive surface. 

In laughter a full inspiration is succeeded by a number of 
idiort expirations, each interrupted, as it were, by a palatial 
closure of the glottis, accompanied with the production of 
voice. It is laid down by Scemmering, that a moderate laugh 
may be, under certain circumstances, advantageous to one’s 
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health—" quia Ultra idem tempiis, quo alias nonnisi semel re- 
spiramus, plures inspimtiones et expirationes breviores repeti^ 
mus, ideoque insigniori coiiqiiassatione sanguinis in abdomine 
circulationem pronioveiniisIwjcauso within the same period in 
W'hich we should otherwise have made but one respiration, we 
now make many shorter inspirations and expirations, in conse¬ 
quence of w'hich we assist the abdominal circulation by giving 
a shake to the blood. It is pleasant to find so philosophical an 
explanation of the common proverb " Laugh and be tint.” 
Men, we are told, genemlly laugh with the vowel sound mo or 
0 ; women with that of a (fote) or ee^ A long-continued 
laugh, as it interrupts regular breathing, will cause the afRux 
of blood to the head, so that we shall see a person during a 
hearty fit get red in the face, while the unusual quantity sent 
to the lacrymal glands stimulates them to the performance of 
their function, and, under such circumstances, the eyes, first 
water, and then tears trickle down the checks, in whicli case 
a man is said " to laugh till he cries.” The mode in which its 
physical causes, such as the titillation of the ends of certain 
nerves, produce laughter, is not well understood ; still less can 
we explain how it should originate in mental emotions. In 
some states of the constitution, generally such as are accompa- 
by nervous debility, laughter occurs without any of its 
ordinary i^xciting causes, and even without being within the 
control of the will; this we know to occur in that class of dis¬ 
eases tenued hysterical. In infants, also, the retraction of the 
corners of the lips, and other muscular actions, which usually 
accompany laughter, are, at times, the consequence of impres¬ 
sions made on different i)artK of their intestinal canal hy worms 
or other irritating causes, t>o that where the nurse or mother 
suppose the child to be expressing feelings of comfort or plea¬ 
sure by a smile, the physiologist will often beliold a slight 
convulsive twitching at the commencement of the alimentary 
canoJ, indicative of irritation which is taking place within. 
Crying commences with a deep inspiration, followed by short 
interrupted expirations, which sometimes agitato the whole 



KESriRATlO: 


261 


chest, together with the head and abdomen ; expirations and 
inspirations continue accompanied by more or less noise, until 
at length it terminates in a full expiration, followed by a deep 
inspiration, that is, a sob or sigh. Children are often observed 
to cry in a certain tone and measure. The physical effects of 
crying are stated by Soemmering to be nearly the same as those 
of laughter, though the moral causes with which it is gene¬ 
rally connected, such as grief, anguish, &c., being of a depress¬ 
ing kind, must exercise a prejudicial influence. There is not, 
however, the same danger from excessive crying as from exces¬ 
sive laughter; cases are ou record of persons having suddenly 
died from the latter, but none of such an unfortunate result to 
the former. 

The mere pouring out of tears is not crying, as the mere con¬ 
traction of the muscles about the lips is not laughter. It may, 
as wc have shown respecting laughter, take place from causes 
merely physical, and witli which there is no mental suffering 
connected. A determination of blood to the head, even where 
the individual may not be immediately sensible of any incon¬ 
venience from it, may so stimulate the lacrymal glands, that 
nn effusion of tears may be the consequence; and we have 
ourselves more than once seen this involuntary weeping occur 
as a prelimmary symptom to apoplexy. Dust, or irrit^mg 
matters entering the eye, may also be the cause of an effusion 
of tears, the object of which, in this case, is to dilute, dissolve, 
or wash away the offending substance. The wisdom of tliis 
contrivance is fully exemplified in some cases, in,^|yhich the 
nerve supplying the surface of the eye with sensibility lias 
been divided, and so the sensibility lost. It is to be observed 
that this sensibility is totally distinct from the power of see¬ 
ing, which, as we shall explain in a subsequent chapter, be¬ 
longs not to the surface, but to a nerve situated in the deep 
parts of the eye, or rather to the part of the brain with which 
this nerve communicates. When the sensibility, however, of 
the snrtace is lost, notice is no longer given of the presence ot 
offending substances, the lacrymal gland H not stimulated to a 





^SPIfiATlON. 


due performauce of its office, tliey are allowed to remain, until 
by their presence they cause irritation, inflammation, and 
ulceration of the cornea, which, in its turn, becoming opaque, 
stops the access of light, or, being eaten through, allows the 
internal humours to escape, and so the individual becomes 
completely and permanently blind. On how many apparently 
trifling adjustments does om happiness, our comlbrt^ nay, our 
very life, depend ] 


Chapter X. 

THE NERVOUS SYSTEM. 

In no class of created beings, except in animals, do we And a 
^stem appointed for the perception of external impressions, 
and the communication to certain instrumeuts of motion, of an 
internal impulse to action. Such a system is the nervous. 
By it we gain all our knowledge of the world that surrounds 
us; by it, modified and assisted by certain arrangements ob» 
servable in the organs of the senses, we see, hear, smell, taste, 
feel; by it we are made aware of the presence of such objects 
as are useful and agreeable, or, on the contrary, injiuious and 
destructive; and, finally, by it we so direct our motive powers, 
consisting of muscles, tendons, hones, &c., that we may ap¬ 
proach the one, or avoid the other. li is thus in direct aud 
necessary connexion with the developcment of the muscular 
system. To what use the power of seeii^ the approach of 
danger, if we were unable to fly from it to W'hat use the 
power of flying, if not directed by a perception of what was to 
be avoided ? It is thus that, as the power of changing place 
becomes less and less in the lower order of animals, the nervous 
system becomes more and more imperf ect, till in tlie zoophytes, 
which stand, as it were, on the verge of the vegetable king¬ 
dom, and spend thA lives attached to the spot where they 
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had their origin, the body presents an imiform pulpy appear¬ 
ance, from which muscles and nerves seem equally banished* 
By careful examination with a microscope, Spix conceived he 
made out certain nervous fibres in these animals, and, after 
some examination, De Blainville seems to allow Spix’s dis¬ 
covery ; but, whether they do or ^ not exist, it is evident 
from the doubtful way in which they are described, and the 
pains that must be used to find them, that they are extremely 
obscure, and barely sufficient to mamtain the last faint shade 
of sensibility. It is, tlieretbre, in the higher order of animals 
that we must look for the clearest developement of this system, 
and, considering it as a whole, in none will it be found so per¬ 
fect as in man. Hitherto, liowever, anatomy has failed to 
ascertain any particular pai-t superadded to the rest, and so 
distinct, that we could point to it as the clearly definitive 
mark between man and all other animals. Scemmering, 
indeed, points out no less than fifteen anatomical peculiarities 
in the human brain, but they are rather in the complexity of 
organization and fulness of developement df certain parts, than 
in anything clearly additional. Messrs. Gall and Spurzheim, 
to whom we shall have occasion frequently to refer, [and to 
whom the anatomy of tliis organ owes much, do not, however, 
appear to have shown (abstractedly from their peculiar doc¬ 
trines) anything very satisfactory on this point. 

The nervous system, as viewed in the liigher order of 
animals, consists of four parts; the brain, spinal marrow, 
nerves, and sympathetic, or ganglionic system. In former 
times it was usual to speak of the brain os the root, the spinal 
marrow as the trunk, and the nerves as the branches springing 
from it. Tliis order is now nearly reversed; in examining the 
formation of the foetus, the spinal marrow is found to exist 
before the brain, and in tracing down the chain of animals this 
latter is found wanting, where nerves and ganglia still exist 

As being the most facile way of accounting for the doyelopemant of the 
human embryo, it was first ossumed that eich organ pre-exist^ in all Its com¬ 
plexity, although inoonceivably uiinute, developement being only accretion; the 
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Now the matter out of which all the nervous system is jfmmed 
would seem to be but of two kinds, the one soft) pulpy, and 
grayish, or rather of a light-biown colour, abundantly supplied 
with vessels, but exhibiting scarcely any traces of organization, 
appearing under the microscope to be formed of an immense 
collection of extremely minute globules, held together, as 
some say, by a fine transparent mucus; the other white, firmer, 
and denser in structure, and assuming in many places the 
appearance of fibres, of \^hich, indeed, Gall and Spurzheim say 
it is all composed. These two parts ore not mixed together 
indiscriminately in the formation of the brain, but arc always 
found to preserve an uniform arrangement, being in some places 
quite distinct, in others occupying alternate layers, so ns when 
cut through to give a striated appearance. From the immense 
quantity^ of blood sent to the gray matter, it was by many con¬ 
sidered as a secreting organ ; and those who believed that 
nervous influence took place by means of a subtile fluid, held 
that that fluid was formed here. With them the white pait 
was a collection of filaments, which were nothing more than 
very fine hair-like tubes, through which the fluid passed ; the 
nerves were composed of a certain number of tubes issuing 
from the brain, and surrounded with an envelope of cellular 
structure, and the spinal marrow itself was nothing more tlnm 
a larger collection of the same kind. Of course this theory is 
totally disproved by the facts we have already mentioned, ns 
4o the order in which the parts are formed, and which M. 
Serres has traced into the general la^v, that developemeut takes 
place from the circumference towards the centre ; but, inde- 


loioroacopr, however, refused to support this position by a single fact. An 
analogy takon from tlie vegetalik- kingdom foruu-d the wcond sem of error upon 
this point; the embryo was a seed, each organ gemiLnating from a fixed imint— 
the vcBSfllB from the heart—tho nerves from the brain, &c., but observation 
failed in supporting this case also. Thu most recent theory is the reverse of its 
jlredecessor; instead of a centrifugal dcvelopenicnt, that is, taking place from a 
centre towards e oircumferenoo, it is now considered to be centripetal, or from 
the circumference to the centre. Although this is not a literal eiipreiMon of the 
facts, yet it may be considered to hold good in the main, esfiecially as regards 
the itenroitt astern.] 



KBBY017S STSTEM. 

pendmUy of this, they never were able to show by anatomy 
that the nerves were so formed, or that they did contain any 
fluids 

The view taken by Dr. Gall, and more fully confirmed by 
the researches of Reil, is that now more generally adopted. 
ObsesTving that the white filaments can always be traced at 
either end to a ganglion, or collection of this gray matter, 
observing also that such ganglia occur occasionally, in the 
course of the nerves, which are all w^itc, or, at the union of 
several filaments of nerves, termed plexus^ and that after 
passing through such ganglia, the nerves always issue with 
increased bulk, or more numerous filaments, he concluded that 
the organiised white filaments or fibres were the working part 
of the brain and nervous system genwally, and that the gray 
mass of unorganized globules was the “ matrix of the medullary 
filaments,” that is the source from which they derived their 
origin, and through which they were supplied with nutriment. 
The brain of man is composed of these t\^ o kinds of matter, 
enveloped by certain membranous coverings, and supplied with 
blood by the internal carotid, the vertebral, and some smaller 
arteries. It is placed in the cavity of the skull, whioii it fills, 
and on idea of its sizt‘ may be got by any one passing his hand 
across the upper part of his eyes, thence along the ear, just 
over its extcnial opening, then along the neck, just where it 
becomes united with the head, and so round by the other ear 
to the eyes again. All the space above this line may be said 
to be occupied by tlie l)rain. It will he observed that this line 
sinks considerably deeper beliind than before, and the lower 
part behind, being differently formed from the rest, of a 
different structure, and separated from it, except at the root, 
by a strong reflection of the enveloping membranes, is geneially 
distinguished from it, the anterior and upper parts beii^ called 
the cerebrum^ or brain proper, while this is termed cerd>ellum, 
or little brain. This ivill at once be understood from the 
accompanying cut. 

This is the first division of the brain; but the cer<^>rfm is 
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Anther divided, hy means of a deep longitndinal farrow, 
nmning its whole length, and seirarating it into two parts. 



Side of Skull and Membranes removed: Figure and Site of Brain displayed. 

^ A, the cerebrum; B, the cerebellum; C, beginning of ei)inal marrow. 

called hemi^Jieres. The division is made by the strong pro¬ 
tecting membrane, called the ckira maters coming from each 
side, and being reflected down along the central line, so as to 
separate the hemispheres to a depth of about an inch and a 
half. This dura mater is placed like a strong sheath to en- 
Telope and support the whole bndn; it is immediately in con¬ 
tact wi^ the inside of the skull, hut between it and the brain 
is placed a much finer membrane, called the pia mater, which 
enTelopes every part, and affords a passage to the mixiute vessels 
by which the interior substance is nourished. Between the 
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folds of the dma mater, dipping down to form the diTision we 
have mentioned, is left a cavity, termed sinus, into which the 
veins of each hemisphere discharge their blood. The course 
of this sinus any person may trace, by laying his finger in the 
centre of the highest part of his forehead, then canying it back 
in a straight line along the centre of his head, until he comes 
behind near his neck to a hard bony protuberance; so far he has 
exactly traced the course of the sinus, and of the blood in it. 
But just at this point it is joined by other vessels bringing 
blood from the deeper parts of the brain, and the quantity col¬ 
lected is BO great, that it would be inconvenient that it should 
any longer continue in one channel. At this point, therefore, 
it divides; and if, placing a second finger by the side of the 
first, he draws one towards the hinder and lower part of each 
car, he will be still tracing the course of the blood now con¬ 
tained in a sintis for each side, formed by a second reflection of 
the tfura mater, which, as wc before said, divides here the 
ecrebrum from the cerehelhm, so that by observing this lino we 
art further cnabh‘d to pronounce that the former lies above, 
and the latter below it. When the sinus has arrived at this 
point, it jcccives its last addition of blood brought from the 
deep parts in the front of the brain, and turning down through 
a hole in the skull, it discharges itself into the great jugular 
vein, which commencing just hero at each side, conveys the 
blood down tlie neck, and finally pours it into the heart. 

The hemispheres thus divided, correspond very nearly wdth 
one another. In general a little difference in point of siae is 
observable, the preponderance being most frequently, though 
not always, in favour of the right. Their surfiswe, as seen in 
the above cut, is marked by a great number of eminences, 
rounded on the edges, and winding into one another. These 
are termed the ccwoolutions of the brain, wliilst the depressions 
by which they are separated are called anjradtwaiti^, or fur¬ 
rows. The number and size of the convolutions vary exceed¬ 
ingly, and are seldom found the same in the two lobes: they are 
sometimes very large, sometimes very small, in individualB of 
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the same age; in general they are small in foetuses and new^ 
bom children. The furrows are ec^ually variable, running in 
all directions, sometimes simple, sometimes subdivided, some¬ 
times very long, sometimes very short. They generally pene¬ 
trate the brain to the depth of about an inch, and so far of 
course the convolutions can be separated from one another. 
These convolutions Gall and Spurzheim consider as the oigans 
of the different faculties and sentiments of the mind; we must, 
therefoSfe, inquire a little more closely into their structure, 
Spurzheim made a section of a brain from front to rear, 
and continuing it down through the upper part of tlio spinal 
marrow, produced the appearance in our next plate. Here we 
should first observe the fibres f, arising from the anterior part 
of the spinal marrow, wliich also contains gray matter for 
their nutriment. These fibres passing through the part 
termed the pmis Varolii (from its uniting the two sides of the 
cerd>ellmi like a bridge, and having been particularly described, 
by Varolius), direct theinselvejj upwards, and after being rein- 
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farced t)y padEiliig through two successlr^ coHectious of gray 
matter, i and 8, wh;ch Gall odls the inferior and superior gan¬ 
glia of the braiu, they finally ^read out, as we seey in the Con¬ 
volutions, uniformly capped, or surrounded, hy farther layers 
of gray matter, which, fi'om its always being found on the Sur- 
fiiceof the brain, has acquired the name of corHcal\ 6ut 
there is a second scries of white ^hres, which arisjjng, as it 
would appear, from this cortical Substance, and directing them¬ 
selves towards the centre, form what are called commissf^^^ hy 
means of which the several parts of the brain are, as it vfere 
connected into one wliole, and Uncord between their fiincMoi^ 
ensured". Such is a sketch, necessarily veiy imperfect, nf fhe^ 
structure of the os evinced hy the researcheb of fjall 

and Spurzheim, as well as of other anatomists, who having no 
theory to support, are, tl^refore, mp^st trustworthy. 

The eer^hUum, n, seemi not to have been so easily or so per-' 
fectly described. However, as seen in our plate, they connect 
this wdth the posterior fibres of the spinal morrow. f», which, 
at this part, form rope-shaped bodies, thence termed corpora 
restiformtaf. These they trace into the centre of each hedri- 
sphere of the c^nehellum, and there find them terminating in a 
nuclcuiy or ganglion of gray mf|^r, n. From white fila¬ 
ments are seen to branch out on every side, covered, os in the 
cerebnam> hy gray cortical substance, from |rhieh arrangement 
there the peculiar appearance we have figured, imd 

which is usually denominated ar^ vtSas, The c&^ebellum has 
also its ^nverging fibres, and tbeiie, it wpnld appear, constitute 
the oxtwEiud transverse layer of the ponsy which must^be 
moved or eut through, before the deeper ^res, running hum 
the anterior part of the j^foal marrow to form the convolutions 
of the brain, can be sho\^ That the pons is so formed, is 
farther shown hy its beifig deficient in fishes and reptiles, 
where the cerebellum has no lateral hemlspheFe% «onaist(Ag 
solely of the central part. ‘ 
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In the central parttiBf each hemis^eare of the cerebrum, k 
£>und a cavity lin^ by serous membrane. These cavities are 
termed ventricles; during health their sides are closely laid 
togei^her, so that, in kct, no cavity esm be said to«:dst in such 
cases, but as the serous membrnne which lines the abdomen 
may, by an increased exhalation fin}m its surface, give rise to 
dropsy, so the serops lining of the ventricles may, if its exha¬ 
lation is greater than its absorption, give rise to an accumula¬ 
tion ef water in these cavities, constituting the formidable dis¬ 
ease termed hydrocephalus^ or water on the brain. Another of 
these cavities is to be found at the top of the spinal marrow, 
or just where its bundles of -fibres ore said to separate, the an¬ 
terior to pass to the cerebrum, the posterior to the cerebellum. 
Above, and a little in l&ont of thio <^vity, is placed the cele¬ 
brated pineal gland, which Des Ckrtes chose to make the seat 
of the soul. It is a little round body, about the size of a pea, 
formed of gray matter, and covered with the pia mater, which 
wO'thave before mentioned as the internal membrane covering 
the brain. It is very singular that this little body is constantly 
found/ afki^ a certain to contain fine gritty particles, ap¬ 
pearing like siliceous sand. The use of the body is unknown; 
yet, £rom ita situation, there seems little doubt that it must be 
of importance, os we find two white cords, like nerves, running 
from it, and fonning direct communication with the inferior 
ganglion of the brain, and with the great central commissure, 
by which the two hemispheres of the cerebrum are connected. 
From this point the spinal marrow may be traced down into 
the canal formed for its reception, along all the bones of the 
spine; and, in its passage along here, it gives out a pair of 
nerves at every interv'd kft by the vertehne. 

The general appearance of the spinal marrow is that of four 
thick nervous columns or rods, placed together so as to make 
tihiut one column. The depressions, however, are still evident, 
myd the columns are spoken of as two anterior and two poste- 
jiicr. A <fh«iiige in the position of the gray matter is also ob- 
able herc^ for it is no longer placed on the surfitce, as in the 
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hram, but is eniitdy ^nfiued to thjs oe^tbre^ so that a horizonta 
out, carried through the spinal marrow, would give this aa^ 
pearance. llho indentation at the untorior 
face et, istnueh the de^st and most dis¬ 
tinct. That oh the posterior face, p, is also ^ 
sufficiently marked, so that the division of 
the column, by a line from front to rear, i^ 
sufficiently obvious. The lateral grooves, /, I, are by no means 
so plain, indeed they are seldom to be seen, and we have fepre- 
sented a slight indentation there, rather to keep up, in the 
reader’s mind, a recollection of the distinction which eadslB 
between the anterior and posterior columns, than as expressh^ 
anything our own dissections have ever shown us. The exist¬ 
ence of this distinction will be made ffioro evident when we 
come to speak the functions performed by the nerves de¬ 
rived from these parts. In the centre of our plan is seen the 
gray matter, while that by which it is surrounded, and from 
which the nerves seem more immediately ib take their origin, 
is white. At its upper part, just 
where it unites with the brain, the 
spinal marrow becomes more complex. 

It no longer consists merely of four 
rods or columns; other parts seem to 
be interposed between them, aa we 
liave represented; and as those parts 
increase, so do the nerves arising from 
them perform more various offices. 

This part of the column is not per¬ 
fectly spinal: it lies within the skull, 
gives origin to many of the nerves of 
the iieod, and those which direct the 
action of some important internal parts, such as the lungs and 
stomach; and its division close to this point is certainly ftTKf 
immediately ffital. At the other extremity, the spinal marrow 
extends os for as tlie loins, and there terminates by openu^ 
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ont into a great quantity of nervous cords, whence spring the 
nerves of the lower extremities. 

The ^inol marrow is protected, in its case, by an external 
sheath of hrm fibrous structure, continuous with the dtara 
mait&r of the brain. This membrane, after lining the skull 
and giving sheaths to the several nerves passing out, descends 
into the cavity of the spinal column in something of a funnel- 
shape, continuing to lino it all through, and connected with 
the bones by means of a loose cellular structure. The spins! 
marrow is more closely embraced by anotiier and much finer 
membrane, which is analogous to the pia mater of the brain, 
HHH^h Cloquet confines tills membrane to the skull, and con¬ 
oid^ tho second envelope of the spinal marrow as continuous 
with the arcudvnmd membrane of the brain. This is a third 
membrane, placed on the brain between the other two, par¬ 
taking of the nature of a serous sac, and by one of its surfoees 
lining the interior of the dura mcEter, while the other rests on 
the pia mater, over the whole surface of the brain, but does 
not slip down with it into its furrows and anfiuetmsities. In 
tho spinal canal, one of its surfaces embraces closely tho spmal 
morrow and the origin of the nerves, while tho other lines tho 
external fibrous sheath, so os to make its internal surface 
smooth and polished, ollowiug free motion in the different 
positions of the spine. Having thus got an idea of the brain 
and spinal marrow, the central parts of the nervous system, 
let us next proceed to consider their fnnetions. 

The intricacy of the human mind, as an object of study, 
must have been felt by [all who, cither as readers or writers, 
have been engaged in metaphysical disquisitions; the intricacy 
of the final structure ot tlie human brain, and the next to im- 
possibUity of unravelling its windings and tracing the course of 
its fibres, have long been acknowledged by the most skilfril 
anatomists who have attempted the task. What shall we 
think, then, of those who, assuming both in their highest state 
of complexity,—xnind of man in civilized life, moulded by 
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external circnnastanoee, and altered by an artifidid system of 
education, its best feelings perhaps repressed, its whole biaa 
ehanged; and the brain of the adult man, the most perfect in 
structure, the best developed in parts, the most inextricable in 
arrangement, containing in itself all that is to be found in Hue 
brain of other animals; and then placing these two, as it were, 
dde by side, should endeavour to explain the phenomena of the 
one by the texture of the other; connecting what was un¬ 
known in the spiritual power with what was equally unknown 
in its corporeal organ? We should surely consider they wero 
adopting a most unlikely way to throw any light upon either; 
yet such lias been the mode of examining tlie brain and 
until almost the present day. But an entire change has 
place, and though it has not yet been sofiidently matuiM in 
show the full advantages which may arise from it, yet mudt 
is dtme when the true way is once pointed out, and the results 
already obtained hold out abundant prospect of much future 
good. 

The chemist, when he gets a compound “body with varioua 
qualitios, may be required to determine how £ar such quolitiea 
are attached to Hie individual component parts^ He will care¬ 
fully free such body from all matters foreign to its proper con¬ 
stitution, he will remove aU external disturbing forces, he will 
decompose the body into its simplest elements, acquaint him¬ 
self fully with the nature and properties of each of those^ re¬ 
unite them in different proportions, or with the omission b£ 
one or more, and Hien be able decidedly to answer how fiir any 
quality may have depended on any component port, or how 
for it may have resulted from the nature of the whole com?- 
pound. This, however, is a privilege not within reach of 
the physiologist. He cannot separate Hie brain into organs, if 
it really be composed of such, and observe the functions and 
ofigeo of each; he cannot dissect out one of those organs^ and 
observe wheHier a corresponding faculty be removed. Even 
Gall and Spurzheim, who have mapped out the brain into, 
twenty-four or thirty-five regions, and assigned to each the 
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peifonnance of some intellectual duty or {Muision, have Bever 
attempted to show how deep one of these dgans can he said to 
go, and by what means they infer diversity where anatomy 
oidy shows ns the most intricate and inseparable connexions. 
An analy^ of this organ, then, is beyond our reach; but to a 
certain extent it has been performed for us by the hand of 
nature. There are two modes in which it may be observed; 
either altogether in the human subject, by commencing with 
the earliest appearance of a nervous fabric in the foetus of a few 
weeks old, and watching the gradual addition or devClopement 
of parts until its perfect state is arrived at; or by tracing it 
through the different vertehrated families of the animal king¬ 
dom, from the first faint representative of a biuin afforded by 
the scanty medullary masses that appear in the skull of a ray, 
merely composed, as it were, of the enlarged origins of the nerves, 
up to the brain of man, in which these origins, chiefly confined 
to the upper part of the spinal man*ow (medulla (Mongeda), 
hear no relation to the great bulk of the cerebral lobes, which 
seem to have no direct connexion with the organs of sense, but 
to be entirely employed in performing the functions of what 
we call mind.. Our principal guides, in this very interesting 
analytical observation, are Soemmering, Tiedcmann, Reil, Gall 
and Spurzheim, Desmoulins and Magendie, and Serres. We 
shall endeavour to explain a few of their vieus. 

[It is smd, and, as an abstract truth, the same holds good, 
that all differences in animal organization arc embraced by one 
law, and included in the same formula; and to this we have 
already alluded, when bpeakiu? of cellular tissue. It is said 
that lower animals are, as it were, the permanmt embryos of 
animals higher in the scale of life; while, ** reciprocally, the 
superior beings, before they arrive at the definite forms which 
clmracteri^e them, transitorily offer those of the lower ani¬ 
mals;” and this is the compass that will guide us in our pre¬ 
sent investigation. The method of acquiring a knowledge of 
the organization of the more complex animals has been too 
analytical, wo have been colled to view the finished mastei*- 
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piece o| laaan, the most intricate of all stmctores, and have not 
only attempted to unfold each tissue, and unravel every hh^ 
but have expected thus to find the principle of the whole; as* 
if nature had hidden her secret in the most tangled warp of 
this material frame: what wonder then if we lost the path of 
our iuquizy in the labyrinth of the brain ? If W'e wished to 
acquire a knowledge of the mechanism of a watch, confident in 
our own powers of observation, and stimulated by curjosityi 
our first impulse might be to pull one to pieces for ourselves ^ 
but, broken works and confused ideas could be the only frui^ 
of our impatience: experience would soon send us to some 
skilful artist, who would teach us the form oud adaptation pf 
each separate part; and thus we should be enabled to comp^ 
hend the principle of the connected whole. And so it is with 
living forms, only, with this advantage,—the embryo-life of a 
givQn animal is, as it were, the index-map—the type—of aU 
beneath that animal in the scale of living beings. The studenb 
has thus two great schools, in both of which the some method 
of study is observed. He may trace any organ of our firame 
from its simplest form iu the lowest animal in which 4t has 
been observed, marking the addition of each fresh part, accord¬ 
ing to the necessities of the individual, till he comes to study 
its final and most perfect form in man; or else, he may trace 
the gradual dcvelopement of the same organ in the human 
foetus. Nature starts &om the some fixed point in both of 
these her coui-ses; advancing from the most idmple to the n^ost 
complex, supemdding port to part, she builds up the synthesis 
of life; and this is the synthesis of study which is rapidly 
advancing in uU the higher schools of natural science, and is 
that which we propose to follow in our present investigation of 
the nervous system of man.] ^ 

Examined at the earliest period that it is cognizable to the 
senses, the human brain appears a simple fold of nervous 
matter, with difficulty diatinguisliable into three parts, while 
a little tail-like prolongation towards tbe hinder parts, and 
which had been the first to appear, is the only representatioa 
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of a spinal marrow. Now in this state it perfectly resemUea 
the brain of an adolt fish, thus assuming, in transitu, the form 
that in the fish is permanent. In a short time, however, the 
structure is become more complex, the parts more distinct, the 
spinal marrow better marked ; it is now the brain of a reptile. 
The change continues; by a singular motion, certain parts 
{por^pora quadrigemina), which had hitherto appeared on the 
upper surface, now pass towards the lower; the former is their 
permanent situation in fishes and reptiles, the latter in birds 
and mammalia. This is another advance in the scale, but 
more remains yet to be done. The complication of the organ 
increases; cavities, termed ventricles, ore formed, which do 
not exist in cither fishes, reptiles, or birds; curiously-organized 
rts, such as the corpora striata or superior tubercles of the 
cerebrum^ are added; it is now the brain of the mammalia. 
Its last and final change alone seems wanting; that which shall 
render it the brain of man. We thus see that man, considered 
merely as an animal, is, by his organization, superipr to every 
other being; and that, in the growth of a single individual. 
Nature exhausts, as it were, the structure of all other animals 
before she arrives at this her chef-d'oeuvre. But wo have not 
yet done with the human brain. In addition to the above 
facts, for which we are chiefly indebted to Tiedemonn, M. Serres 
has made the still more singular observation, that in the 
advance towards the perfect brain of the Caucasian, or highest 
variety of the human species, this organ not only goes tlirough 
the animal transmigrations we ha\e mentioned, but succes¬ 
sively represents the characters with wliich it is found in the 
Negro, Malay, American, and Mongolian nations. Nay, fur¬ 
ther, the face partakes in these alterations. Amongst the 
earliest points in whioli ossification oummences are the jaws. 
Their bones are, consequently, completed sooner than the other 
hcaieB of the head, and so acquire a predominance which, as is 
well known, they never lose in the blegro. 

During the soft pliant state of the bones of the skull, the 
oblong form which they naturally assume approaches nearly 
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the permanent shape of the Americans. At birth, the flat¬ 
tened face and broad smooth forehead of the infant, the position 
of the eyes rather towards the side of the head, and the 
widened space between, represent the Mongolian form; while 
it is only as the child advances towards maturity, that the oval 
&ce, tiie arched forehead, and the marked features of the true 
Caucasian become perfectly dev^oped. 

Now associated with these ])rogressive stages of the brain 
and head, there would seem to be a certain proportionate de- 
velopemont of innate faculties. Thus, ns a general rule, the 
reptile, in its habits and mode of life, exhibits a higher degree 
of instinct than a flsh, a bird than a reptile, a mammif^ns 
animal than a bird; while at the head of all is mnn, who not 
only excels the rest in extent of intellect, but by the super- 
addition ot the moral and religious feelings which he alone 
seems to enjoy. Wo must carefully guard ourselves here 
against being supposed to assert an miform predominance, 
cither in quantity of brain or devclopcment of faculties, of efoery 
member of one class over e^rg member of another; an ele¬ 
phant may have more brains than a man, or a canary bird 
show more docility than a sloth; still less do wo mean to 
maintain the old ideas of a regular gradation or uninterrupted 
chain, according to which all animals cotdd be arranged so 88 
to show their relative connexions, and mark their reciprocal 
superiority. No; Cuvier has shown the impracticabiUty of 
such a scheme; he lias shown that the lines which tlie diffe¬ 
rent classes form, must sometimes be conridered as not suoces- 
sivo, but parallel; that the beginning of one may extend con¬ 
siderably above the termination of the preceding. Our rule, 
therefore, though generally correct, must he taken as admitting 
of exceptions. Now considering the state of the human brain 
also, we find certain progreasiuns. It is, at first, secreted as 
an almost fluid pap, in which there is scarcely any app^uance 
of organization. Parts continue to bo added, as we have seen, 
convolutions appear in the sixth mouth of fietal life, and even 
after birth changes take place, for the necessary completion of 
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which We know the skull remains for some time uilclosed*« 
During all this tunte, too, new faculties are appearing, neW 
powers developing themselves; it was, therefore, sufficiently 
natural to attempt to connect the One with the other, and to 
BUppoae that the mind might he estimated by the hrain* 
Other fficts tended to support this idea. Perception evidently 
took place in the hzain. Cut the nerve leading fmm the eye^ 
and there is no longer perception of light, though the eye, as 
an optical instrument, is as perfect as ever. The rays of light 

[4i Tfao fdlowing diagram znay aaslst tiie reader In fonning a more ludd idea 
ol the opiaions of Cuvier, and, indeed, of the foots of his scionoo. 
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Lei thofigarcB 1, 3, 3,4, 6, and 6, represent the devdoiiosnent of the digestive 
cngans through the various classes of animals; 7, 8, 0,10,11, the gradual rise of 
the circulatory system In the same; 12,13,14,15, of the nervous system, and ao 
on: and lot the columns of figuros, read from below upwards, represent the 
various classes of animals. We shall thus see, with Cuvier, how the animals 
themselves form no successive links of one great chain; but rather paralltl 
csolumns, built up with tho same material from the esune level, and rising to 
dlffeirent heights, according to the necessities of the whole superstructure, as 
foreseen and provided for by the wisdom of the one Great A. rchltect. But, with 
]VL Serres, wo shull see that it is the or^^avs that are suece$sive in their de> elope¬ 
ments; the figures 13,13,14,15, for iustanco, represent the successive additions 
of ports to the nervous system, f'tcod cither in tho more permanent forms of each 
stago from animal to animal upwards, or from week to week, in tho more rapid 
transitions of the same, in the gravid uterus of woman. Hero, os elsewhere, 
false ideas are so interwoven with the forms of expression which we are com¬ 
pelled to use, that by seeming to prove too much, we foil to convince at all. It 
is not advanced that the embryo of a mammal, floating in tho fluid of its womb. 
Is really a fish, or any other aquatic animal, but that the necessities and con- 
dltfons are the same In both, and that the organization, too, is the saroo at first, 
—the fingers, for instance, of a human foetus are at one time and it is 

only in antiripatlun of future and more important wants, that such transient 
forms give way to those which we call permanent.] 
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fttarike on the cornea, they will he brought to a focus hy 
the crystalline and other humours, they will be applied in the 
usual manner to the sentient eactremity of the optic lierve^ 
spread out as before in the bottom of the eye to receive them ; 
but no perception follows, for the nerve is divided, and the 
impression cannot be conveyed to the brain. In the same way^ 
if the nerve of sensation*, going to any part, he tied or divide^ 
though the part be scratdied, or bruised, or cut^ or burned, no 
pain is felt, for the commnnication with the brain is inter¬ 
rupted. Again, if the nerve of motion*, going to a part, be 
cut, though any injury done to that part will be felt as acutely 
as before, and the taish to remove it &om the ofiendix^ sub¬ 
stance will be as strong as ever, yet the limb will not be re¬ 
moved. Why then is this? The power to move the part 
exists; for, if you send an electric shock along the nerves, the 
muscles will at once contract and produce motion; we are con¬ 
scious that the mil also exists; the reason, then, why the one 
does not excite the other, is, that they are placed at opposite 
cuds of a chain that has been severed ; the chain is the nerve, 
one end of it terminates in the muscle, there we know is the 
power of motion: the other end terminates in the brain, there, 
therefore, must be the will. Now volition and perception are 
two of the operations of the mind, and we have been distinctly 
able to show that their seat is in the brain. 

Other of the mental faculties have been also traced, though 
not so directly. Memory is seated in the brain; its loss is 
found to result from certain injuries to the brain. A Parisian 
beggar, who had lost part of his skull by a wound, used, for a 
small sum, to allow the silver plate by which it was replaced 
to be removed, and gentle pressure to be made on his brain. 
The invariable result Was a loss of sense; then, of conscious¬ 
ness ; his memory totally left him, he became lethargic: on 
removing the pressure, these symptoms all vanished. In 
apoplexy nearly the same thing occurs. A vessel, perhaps, is 

V This division of the nwves, into ner cs of sensation and neiros of inoUon« 
will he explained, when speaking of Sir Charles Bell’s discoveries. 
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ruptured^ and blood efitised either in the substanco or on the 
anr&ce of the biBip. By this effusion pressure is made on the 
brain*; the patient fidls insensible, and appears in a deep sleepw 
Iteliefis only obtained by a copious bleeding, which diminishes, 
the quantity contained in the vessels, and such sAbsequent 
measures as will prevent too rapid a current being again sent 
to the brain. Likewise when, by a blow or Ml, the skull ia 
firactured, and part of it pressed in on the brain, insensibUity 
results, until the surgeon trephines the neighbouring part of 
tlic skull, insinuates on instrument by the opening he has thus 
made, and relieves the brain by raising the depressed bone. 
From such circumstances we are inevitably led to one of two 
conclusions, either the brain is the organ of the mind, or the 
brain is itself the mind. The former is the doctrine of the 
immaterialists, or those who maintain the existence of the soul 
as a separate principle; the latter of the materialists, who con¬ 
clude that perception, memory, judgment, &c,, are merely the 
productions of the brain, in the some manner os the bile is 
produced by the liver, the urine by the kidneys, &c. Why 
we hold the former opinion, we shall proceed to state, earnestly 
deprecating the introduction of personal feelings, asperity of 
language, or imputation of motives, which can only serve to 
obscure truth, and add to tbo dif&cultics, already sudicicntly 
numerous, which must attend (m such an inquiry. ‘*Tho 
mind,” says Locke, ^ is like the eye, which, while it enables 
us to perceive aU other objects, takes no notice of itself, and 
requires art and pains to set it at a distance, and make it tho 
object of its own contemplation.” 

And first, how do we recognise any two objects as distinct? 
For what reason do we ooi.clude that chulk is not cheese, or 
skim-milk not ebony? These are points on which all agree ; 
on what, then, is founded tliis universal assent to the difieienoe 
of these bodies? Evidently on the fact that they possess dif¬ 
ferent properties. We know nothing of the essential nature of 
ebony or skim-milk, we never think of inquiring into it; wo 
see that the one is hard, black, heavy, and solid; tho other 
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soft, white, light, aad fluid, and we at once come to the obrl- 
OuB conclusion that they are different bodies without aakitig 
what may bo in each case the essence in wMdi these properties 
are inherent. Now apply this to mind and matter. We axe 
as ignorant of the essence of the one as of the other; but wn 
recognise their existence by their properties. The properties 
of body are bulk, weight, solidity, resistance, &c.; of mind, 
joy, hope, fear, belief, doubt, &c.; but weight is not belief 
neither is solidity joy; therefore, as ekim-milk is not ebony, 
80 neither is mind matter^. 

SecondlyPhysiology teaches us that the particles of all 
liTing bodies are in a constant state of change. Supplied by 
the digestive organs, they are taken up by the lacte(U&, eon- 
▼eyed to all parts of the body, laid down there in the form 
suitable to each, and wh^ they have perfonnod their duty, 
are again broken down or dissolved, carried away by the ab¬ 
sorbents, and removed from the system, while their place is 
taken by a new set of particles, destined in turn to undeigo 
similar removal. But the man does myfi change, though his 
body docs; he is Mnseious he is the same individual now as he 
was ten years since; his oonsciOusnoss is joined with memory, 
(xmstant and unbroken, and it yet remains for materiaiists to 
show how this memory is compatible with a mind, which wo 
can prove to have been biillt up several times mthin that 
period, unless, indeed, they are contented with the supposition, 
that the set of particles 'which are poEsing away communicate 
to the particles by which they are succeeded, the impressions 
originally made on themselves by external objects. Indeed, 
materialists, in seeking to avoid one difficulty, fling themselves 
into a thousand. 

Thirdly;—Every man is conscious of the individuality of 
his own existence. He knows lumself to be one, and not two, 

V It is evident that this argument may bo oonvideied inoonciliislvc, in oense- 
qvonoo of the impeefeoUon of our s<msea: it is only used bare to diow that a modo 
of proof, which, in ordinary cases, commands universal assent, applies with o%ual 
finco to dtanonstrato the d^eronoe between mlad and matter. 
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or any greater number. This he is sure of, and no argutaente, 
however refined or ingenious, ciin shake him in this conviction. 
But this unity cannot exist in. his body, which is made up of 
thousands of particles, and is not for five minutes together thh 
same : where, then, can it exist, but in the mind ? The brain 
is no more a unit than the whole body; neither is any parti* 
c\dar organ of the brain, if such there he, more a unit than the 
entire brain. “ An organ,” says the ingenious I)r. Brown, “ is 
not one substance, hut many substances. If joy or sorrow be an 
affection of this organ, it is an affection of the various sub¬ 
stances which, though distinct in their Own existences, we 
comprehend under this single term. If the affection, therefore, 
be common to the whole system of particles, it is not one joy 
or sorrow, but a number of joys and sorrows, corresponding 
with the number of separate particles thus affected ; which, if 
matter he infinitely divisible, may he divided into an infimte 
number of little joys and sorrows, that have no other relation 
to each other, in their state of infinitesimal division, than the 
relations of proximity by which they may be grouped toge¬ 
ther in spheres, or cubes, or other solids, regular or irregular, 
of pleasures or pains; but by which it is impossible for them 
to become one pleasure or pain, more than any particle of in¬ 
sentient matter, or any mass of such matter, become any other 
mass.” The unity of any oigan, then, merely depends on the 
act of the mind in considering it as one; it exists as made up 
of many parts, the mind views it as one whole: take the ques¬ 
tion how we will, we still find that between mind and matter 
“ there is a great gulf fixed.” 

Fourthly*.—Philosophers tell ns that matter is inde- 
stnictible. It exists now in one fonn, it is dissolved in 
obedience to certain laws, straightway it enters into new 
combinations, and re-appears in another form. This seems a 
necessary result from the discoveries of the pneumatic chemists. 
There can he no doubt but that He who created matter, could, 
in like manner, cause its existence to cease j but such cessation 
of eidstence never occurs in the present system of things. The 
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consists of the same individual particles which formed it 
(m the day that it left hands of its Creator^ who “ measured 
the dust in handfuls, and weighed the hUls in His balance.** 
Without a specifd interference of His power these particles are 
eternal. The genor^ properties of matter will be, in like 
manner, eternal; gravity is eternal; electric influence is eter¬ 
nal; chemical affinity is eternal. And shall it be said, that 
the mind of man, which has comprehended and investigated 
all these propeities, which has estimated their power, and set 
bounds to tlieir effects, which can trace the course of the stars 
in the heavens, and calculate the all but limitless wanderings 
of a comet through space, that this mind, which elevates us 
from earth, and forms the link that binds us to ethereal beings^ 
is alone mortal; that it go^ down “to the vile dust from 
whence we sprung;” that it perishes with the disoigani^ation 
of the brain, and that all our advances in science, our progres¬ 
sion in knowledge, our extension of intellect, every effort of 
reason or education towards improvement and perfection, must 
at last terminate in annihilation? •• 

No: reason disproves, oiir best feeling's revolt &om, such a 
supposition. He, without whose knowledge not a sparrow 
falls to tlie groimd, wlio lias numbered the very hairs of our 
head, takes not such slight account of this. His best and 
noblest gift to man, as to leave it dependent on our frail earthly 
tenement; lie, with whom there is no variableness, neither 
sliadow of turning, is incapable of that mutability of pur¬ 
pose which would attend on the materialist’s thecsiy, that tliis 
intellect is destroyed to-day, only to be re-created in equal 
vigour at some future time. 

There only remains for us to notice the argument supposed 
to be founded partly on anatomical, partly on physiological 
principles. It is said the brain is a gland of a peculiarly in¬ 
tricate conformation; the blood sent to it is the fifth part of the 
blood of the entire body; but by weight the brain would not 
exceed the thirtieth part of the body; to what use, then, 
serves this immense quantity of blood, unless as the liver sepa- 
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nates bile, so the brain iseparates certain principles, which it 
elaborates into thoughts. Now, the analogy is fiilse, and the 
argument vicious. The analogy is hdse, for we can show in« 
the blood tie Elementary particles out of which bile is formed, 
80 that the liver is only required to change their form of aggre¬ 
gation, or remove some of them, leaving others; but who lias 
ever discovered in the blood the matter of hope or doubt? The 
argument is vicious; for if wo simply deny brain to be a 
gland, and ask them for proof, it falls to the ground. They 
either assume the brain to be a gland, and then prove the 
thoughts to bo secretions, l&:mse glands always form secretions; 
or going to work the other way, assume thoughts to be secre¬ 
tions, and then prove the brain to be a gland, hecavsc secretions 
only come firom glands. Our ignorance of the exact mode in 
which the large quantity of blood supplied to tho brain is used^ 
is no reason why wo should adopt an absurd explanation; and 
can anything be more absurd, or more incomprehensible, than 
that one material body, the brain, should, out of anoth^ 
material body, the blood, form immaterial Iwdios (if this be 
not a contradiction in terms), thoughts? The only way of 
evading this, is by boldly asserting that as the mind is material, 
80 are the thoughts nothing but little particles of matter, 
variously configured; and then ‘‘it will be not more absurd to 
talk of the twentieth part of an affirmation, or the quarter of 
a hope, of the top of a remembrance, and the north and east 
comers of a comparison, than of the twentieth part of a pound, 
CjT of the different points of the compass, in reference to any 
part of the globe of which wo may be speaking.” 

Wo hope our readcrc will now agree with us that tho brain 
is not the mind; the other contusion is, therefore, established, 
—the brain is the organ of the mind. 

It becomes interesting next to inquire how far the develope* 
ment of this organ may serve as an indication of the mental 
powers of the individual. For this purpose it is necessary to 
decide on some mode, accordiug to which the measurement 
should bo made, and of those proposed, Camper’s, Blumen- 
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bach’d, and Cuider’i^ have attdned the most celebritj, The 
head may be considered as divided into the face and skiiU; 
the former being chiefly ocoupied by the organs of sense, and 
the latter by the organ of mind; it was concluded that thn 
preponderance of one or the other would indicate the superi¬ 
ority of tlie senses, as in the lower order of animal^ or of the 
intellect, os in man. To ascertain their proportions, CampdSr 
proposed his facial line and &cial angle. The former was 
gained by drawing a line &om the most projecting point of the 
forehead to the insertion of the teeth in the upper jaw; the 
other, by causing a horizontal line, passing through the exter¬ 
nal orifice of the ear, to intersect the facial line. This will be 
better understood from a sketch of four heads, which we shall 
maik m Camper’s manner. 

He was led to the construction of those lines by the diffi¬ 
culty he experienced, when, young, in ascertaining the charac¬ 
teristic marks of the heads of different nations. This, it 
appeared to liim, had been grievously neglected by some of the 
later painters, insomuch, that they made ^little difFerenco be¬ 
tween a negro and an European, except in colour. “I was 
set,” he says, ‘‘by my master, to paint one of the beautiful 
pieces of Van Tcmpel, in which there was the figure of a Moor, 
that by no means pleased me. In his colour he was a black; 
but his features were European. As I could neither please 
myself, nor gain any proper directions, 1 desisted from tiie 
undertaking. By critically examining the prints token from 
Guido Beni, C. Maratti, Seb, Ricci, and P. P. Rubens, I ob¬ 
served that they, In painting the countenances of the Eastern 
Magi, had, like Van Tempcl, painted black men, but they 
were not JMoors. The celebrated engraver, Cornelius Vischcr, 
was the only one who appeared to me to have followed naturit^” 
Now, in this case, it happens that the painters were right,,and 
Camper wi-ong, for the Moors, or inhabitants of the northern 
ports of Africa, belong not to the negro, but to the Caucasian 
vaiiety, as wo shall mention more fuUy when speaking on this 
subject; and their children, when first bom, as well as their 
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women) who «re little exposed to the efi^ts of the weather, 
are nearly or altogether as £ur as those of the soutli of Europe* 
The Eastern Magi, too, in all probability, belonged to some 
Caucasian tribe; but the observation, though thus originating 
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in mistake, proved the cause of rery useful results, for it set 
him on inquiring the true principies of delineating heads 
according to the idea intended to be conveyed. 

And now, referring to our plate, we shall at once ebserv^ 
what struck Camper after having drawn severs! heads on a 
horizontal plane, in order to discover the cause of their diffe¬ 
rence, that this difference may be represented by the inclination 
of the faOial line, and is measured by the angle this line forms 
with the horizon, or with a line parallel to the horizon, drawn 
through the external opening of the ear. It is clear, then, 
as the skull (the part containing tlie brain) augments in volume, 
so will the forehead be more projecting, and consequently the 
facial angle will increase; but as the skull diminishes, so will 
the forehead retreat, and the facial angle become sharper. The 
greatest angle is that which occurs in the human species, and 
in a well-formed Caucasian head, it reaches very nearly a right 
angle, that is, the front of the skull is situated almost perpen- 
> dicularly over the face. According as this angle diminishes, 
so does the proportion of tlie intellectual to the sensorial parts 
of the head, and by continuing to close it, we should succes¬ 
sively represent the facial angle of the negro, the ape, the dog, 
the snipe, until we at last reached hshes, in which the head 
going hack straight Irom the nose, these two lines become 
identical or parallel, and the angle ceases altogether. The 
ancient Greek artists seem to have understood this point, and 
seeing that every diminution of the angle took away fvom tlio 
expression of dignity and elevation, they, in depicting their 
gods, to whom of course they attributed superhuman attri¬ 
butes, actually enhuged the angle beyond what “we know it to 
exist in nature and in their Jupiter Tonans liave made the 
forehead to overhang the face, as if completely to express the 
mastery of the intellect over the observations of the senses. 
It is evident that an elongation of the jaws would liaVc the 
same effect on the facial angle as the diminution of the skull; 
and when this takes place in the lower animals, such as cranes, 
snipes, &c., it gives them that silly aspect, which has caused 

x2 
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these long-billed imimitlft to become proverbial for stupidity. 
Conlmed to the human kind, this facial angle is of mncih use 
in ascertaining the relatiTe size of the brain, and it may even 
be extended with advantage to apes; because in both thesei 
the tables of the skull are not very fiar from being pai-idlel, and 
are not yet separated Horn each other but by moderate cavities, 
termed frontal stntssar. But when we descend below these to 
carnivorous animals, hogs, soix^ ruminant arumals, but, above 
all, the elephant, this measure totally £uls us, as the plates oC 
their skull ore separated somotimes to a very considerable dis-" 
tonce, and we, drawing our line according to the outer, can 
form no idea respecting the inner, nor, consequently, respecting 
the real fulness or protuberance of the brain. Blumenbach 
was induced to propose a different mode of estimating the pro¬ 
portions, but ins, also, was chiefly applicable to the human 
head. He placed his skulls, of which he liad a magnificent 
collection, upright, on their hinder or occipital part, and having 
ranged them on a table, placed himself behind, and was thus 
able at one glance to observe the most importont points in 
which they differed, such as the greater or less breadth at any 
particular part, the projection or non-projection of the jaww 
beyond the level of the forehead, &c., and from these he has 
been able to establish many national cliaractcii&tlcs. But the 
most perfect mode is that proposed by Cuvier, wliich consists 
in making a vertical section of the sLuH from front to rear, 
and then observing the relative proportions of the cavity of the 
brain to the part of the section, which answered as frame-work 
to the face, or oi^jans of sense; in our cut tlio line a b nearly 
divides these ports from one another. 

In the European, the area of this cavity is almost four times 
that of the face, not including the lower jaw. In tho negro, 
the cavity remaining the same, the area of the section of the 
fiice is augmented, about one-fifth. In the Calmuck it increases 
but onc-tonth. The proportion is still less in the ourang- 
outang; in tho sapajous the cavity is but double the face; n 
the moudnijs they are nearly equal, and this is the case with 
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laost carnirorous animals. The proportions then begin to 
after; the section of the face in the hare is one-third iarge^ 
than that of the hraln-cavity; it is double in the porcupine. 
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more than double in the hog, three times its size in the hippo¬ 
potamus, and almost four times in theliorse. In this last 
example, however, it appears to us that a new element must bo 
introduced into the calculation, as we can by no means agree 
that the horse is endowed with less instinct than b haTe or a 
hog. The reason of the great elongation of the face-bones in 
this ammal is to he sought for in the feet, that nature, while it 
intended it to be fleet in the course, destined it also to live on 
the herbage that grows on the surface of the ground. For the 
former purpose length of legs was evidently necessary, that it 
might make those astonishing stretches which enabled Flying 
Childers to run six miles in six minutes. But this length of 
leg lifted it, as it were, out of reach of its food, which, as we 
have said, was on the surfece of the ground. There were but 
two ways, then, of arranging this,—either hy lengthening the 
animal’s neck, or hy lengthening its head; which was pre¬ 
ferable ? The horse, being an herbivorous animal, necessarily 
required broad flat grinders to rub down its food into a paste 
before swallowing it. These grinders, then, must be inserted 
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ia large jaws, and to move the jaWs^ firoflg s^etoe 

Te(iuiTed. A strong muscle requires a laige iKirfiioe for atta6h<<' 
ment, and as the muscles which move tba lower jaw haiiO their 
cojgin on the sides of the skull, it was neceeaaty that ifeaB 
^uld he large and heavy. Now, a weight is 'wmderfisily 
itKreased hy being cltt^ed on the end of a longletw, as every 
otlh knowsVho hM <Been a man attempt to raimr a, {Banugaet 
holding it by its muzzle, at the full extent of«^hia antC* £(a 
Will probably foil, or do so with great difficulty, whlin wo 
know that if he graafs the musquet intihe usual way ke^Oan* 
raise it with ease. For the same reason it would »h0 jaost 
inconvenient to a horse, were it obliged to carry the weight of 
its head on the end of a long strctchod-out neck; and wlien a 
horse appears with such a formation, persons who understand 
the subject will never buy it, because the great additional 
weight, thus tiirown on the fore-legs, causes it soon to fomder^ 
and the horse 4 b always unsafe, and liable to stumble. Wo see, 
then, clearly, why a horse’s neck does not admit of being pro¬ 
longed, BO as to enable it to reach the ground; it was, there¬ 
fore, necessary that the jaws should he so elongated as to 
complete the rest of the way. But this was not done with a 
view to giving any additional extent to the senses; therefore it 
would not be to conclude a horse the most stupid of ani¬ 
mals, because the area of Hs face is four times tliat of its brain- 
cavity, though we may well affirm that man is the most intel¬ 
lectual of animals, because his brain-cavity is four times the 
-area of his fece. It is evident, then, tliat oven Cuvier’s prin¬ 
ciple must be adopted with restrictions; it has also this incon¬ 
venience, that it is only applicable to an animal when dead, 
and cMi give us no information while it lives. 

The idea long prevailed that the brain of man was actually 
larger than that of all other animals, and that thence arose his 
intelleotual superiority. In the greater number of cases thig 
is true, and, indeed, we know of no exception but the elephant, 
and perhaps some of the laiger cetacea. Thus, the largest bxaia 
which Soemmering met with in horses weighed but 1 lb. 4oz., 
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whjJe ikA lOBaUest tonan biain of an adult was Slbs. 8^03^ 
and this we haow te be much below the average. Auoth^ 
aiethod, proposed as an improvement on this, was to oonsidec 
{he brain not in its absolute weight, but as compared with the 
weight «f tile entire body. This, when applied to the ordinaiy 
domestie aaimala, was fbund so satisfit^tory, that, without 
going forthuB, it was laid dowm as a rule that man had, of aU 
animals^ the heaviest brain in proportion to his entire body, 
SttbeMH^eai^ investigations, however, have shown this rule to 
ba. snare &llacious than the old one; jp &ct, the singular 
changes, that may take plaoe in a man’s body relatively to his 
bulk and 'v^eight, and which, consequently, alter the propor¬ 
tions eKisting between it and the brain, while the actual size of 
the brain remains the san^e, should have indicated the absurdity 
of attempting an estimate in this way. Thui^ say a young 
slender man weighs 140 lbs., and his brain 4 lbs., the proportion 
will then be This is about the proportiomthat exists ia 

ourang-outangs; in the coaita monkey it is in tlie mangabey 
9 ^ 8 , in the mole in the mouse 7 * 1 , dfc.:" so &r, then, ho is 
above these animals. But suppose this young man becomes 
extremely £^t, and rises in weight to 200 lbs., or even 280 lbs.,,, 
which we not uncommonly see, the numbers representing his 
proportion of brain would then fall to xoth or 7 \jtli, and scrhe ia 
all at once reduced below all those animals, which a few years 
previously he had ranked above, yet, all the time, his brain 
has not altered, for no fat con collect there. Independently, 
however, of this objection, a scale drawn up on this principle 
presents numerous anomalies. Several of the smaller birds 
would rank much above us: a chaffinch with a brain of its 

entire weight, a sparrow sath, a canary-bird ixth, exceed us in 
a degree for which Uielr manners and habits in no way account. 
The horse, whose brain is represented by T^vth, would be 
beneath the ass Ti;th, and the half-reasoning” elephant xivth, 
reduced almost to the lowest ranks of the mammalia, would be 
beneath the mole ^^th, the rabbit Tioth, the sheep f i^th, and 
the calf nlgth! 
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Were any further reason necessary to shorr the inefficacy of 
this rule, it would be found in the &ct that the brain at birth^ 
when its incapacity is notorious, bears a much greater propttiy 
tion to 4ha body than the brain of an adult, when in the full 
exercise of all its functions* The cause of this preponderance is 
to be sought for in the fact, mentioned by those who hare 
studied the growth of the foetus, that the upper part of the 
body is sooner formed and earlier developed than the lower; 
and the final cause of this seems to lie in the greater utility of 
those parts to the preservation of the animal; thus, it is obvi¬ 
ously useful that an infant should have the government, in a 
certain measure, of its hands, before it is able to go alone, while 
in other animals, such as the walking birds, the order is 
reversed; here it is of advantage that the animal should run 
before it flies; accordingly, the young partridge follows the 
mother with the shell still adhering to its back. There still 
remains one other mode of estimating the brain, and that is, not 
absolutely, or in proportion to the bidk of the whole body, but 
in proportion to the bulk of the nerves to which it gives origin. 
This mode was proposed by Soemmering in 178B, and is founded 
on the supposition that the whole nervous matter of the body 
can he divided into two ports, the one sensorial, or employed 
directly about the operations of the senses, and, therefore, con¬ 
nected with animal life; the other menial, or reserved for the 
service of the thinking and reflecting principle. To the former 
of these divisions belong all the nerves, with the spinal marrow, 
ssid as much of the base of the brain as seems directly con¬ 
nected vs ith their origins, and, therefore, necea^iy to the proper 
execution of their functions; to the latter, all the upper 
remaining part of the brain, for which no other office can be 
assigned than thai of the organ of the intellect. His asseitiKm, 
then, founded on this divisioD, is, that in man the mental 
nervous matter bears a greater proportion to the smsorial than 
in any other animal; and that in all niumala the degree of per¬ 
fection of their instinct will be in direct proportion with the 
preponderance of the former over the latter. 
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OuTi^r undertook to refute tliis ^eoiy In his he^mx d*Aneh 
tome Oompctri^, but in doing so, he only tocdc into account the 
B|nnal marrow, and omitted noticing the neryes. How this 
may alter his &cts, we cannot say; hut it is clear that be had 
not taken the whole standard as laid down by Soemmering, and 
since confirmed by EbeD, Hunro, Blrhnenbacb, and Viet} 
d*Azyr, therefore we cannot admit his argument as decisire* 
As, however, the table which he has constructed shows tha^ 
general accuracy of Soemmering’s principle, there being but one 
t^pareta exception, we shall give its substance. ^, 

' In man,, the breadth of the brain is seven times as great as 
that of the spinal marrow, just where it is leaving the skuH: 
in the Chinese bonneted-monkey four times; in the shorts 
tailed magot five rimes; in the dog about twice; in the cat 
nearly three tinhes; in the hog and ram about once and a half; 
in the stag and calf twice and a half; in the ox and iKOse 
neaiiy three times; and in the dolphin riurteen rimes. This is 
the only exception stated, and, as we have shown above, it 
proves nothing, because the nerves are completely left tmt of 
acconnt*; we might add, that measuring the parts only in one 
direction, breadth is incompetent to afford satisfactory inform 
mation as to their hulk. We are, therefore, inclined, mid«f 
the sanction of such great names as wo have quoted, to admit 
Scemancring’s standard, and say that man has, of tdl animals^ 
the largest brain in proportion to the rest of the nervous 
system. 

But we have no means of estimatiiig this before d^th, and 
even then the m^urement is very difficult, which may be one 
of the causes why exceptions are not known. 

The next question which presents itself, having settled Aow 
man should be considered as exceeding in brain all other 
animals, is, whether the excess of intellectual powers of one 

* In fact, this alters the whole statem^t; for, in the Dissection of the 
brain of a Dolphin *' by Tiedemann, who expressly asserts the aocimtoy of Sonn- 
naering’e test, it is stated that ** the cersbrum of the dolphin, in proportion to the 
8i20 of the nerves, spinal marrow, and oorobellum, ia of much emallcr size than 
the htunon cerebrum." 
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man orer those of another are accompanied hy a greater potrtiioa 
of cerebral matter, or, in other words, whether the wisest 
has the braini And, as we have jnst shown that abso¬ 
lute siae of brmn will not make an elephant wiser than a man, 
we might almost conclude d priorij that absolute size of brain 
win not make one man wiser than another. However, this is a 
point which we should rather have determined by observatiofos 
than by argument, did we know of any sufficiently numerous 
and trustworthy to be admitted as proof. Phrenologists have 
taken a good deal of pains respecting this question, yet their 
conclusions do not seem very decided. It appears, according to 
Mr, Combe, their most ingenious defender, that size of brain 
must be considered under certain modifying circumstances, 
such as health, form, activity, and temperament, or fineness of 
texture. The not attending to these modifying circumstances 
will, he says, account for the common saying about large heads 
having “little wit.** If, however, all these circumstances arc 
the same, he then asserts that the larger hrain will denote the 
superior intellect. This is a very safe assertion; but the 
necessity of taking into account modifying circumstances, some 
of which can in no way be known until the individual is dead, 
would seem at once to put an end to the science as a means of 
estimating faculties and feelings. Mr. Combe, indeed, asserts 
• that the constitution of the brain may be guessed from the 
general temperament of the body: thus, that a person of 
lymphatic temperament will have “a brain slow, languid, and 
:feeble in action,** while in a pt rson of nervous temperament 
the “mental manifestations will be proportionally vivacious*;** 
but, in the first place, this connexion of certain dispositions 
with the general habit or temperament of the body was not 
left for phrenologists to observe, and in the second place it has 
nothing to do with the point before us, which is not the mode 
of action, but “ the fineness of texture of an organ,*’ which is 
mentioned as one of the modifying causes. We might also add 
the extreme difficulty of deciding a man to be of this or that 
* Combe's System of Phrenology^ pp. 33-3. 
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tempenmopi, and the minute shades by wbiob. these tempera¬ 
ments run into each other, so os to render their appreciation in 
the highest degree uncertain, and conclimons founded upon 
them, of course, extremelj’ liable to fallacy. Furthennoro, it 
is well known that the same individual may, at difl^nt 
periods of his life, be of different temperaments. In fact thia 
modiheation, though generally admitted as necessary to the 
theory of phrenology, and useful, as occasionally affording a 
convenient mode of escape from a mistake, is seldom, if ever, 
hod recourse to in practice, the phrenologist undertaking to 
pronounce on character from a dead skull or a plaster cast, 
without making the least inquiry respecting this “ modifying 
circumstance,” 

Size, then, would appear to be the standard they apply to 
estimate intellect, for though they reject this doctrine, and 
insist on the necessity of considering other circumstances, we 
liave just paffied in review one of these, which they neither 
appear to apply themselves, nor can they sliow how another 
may apply it. Yet, as a general proposition, it will, we appro* 
hend, bo admitted as true, that persons of very remarkable 
talents have usually* a full well-developed brain, though it by 
no means foUowB that people with large heads have distin¬ 
guished talents. Dr. Milligan has given a tabic, furnished by 
a hatter in extensive business, wiioae conclusions were, there¬ 
fore, founded on a sufficient number of examinations, and were 
also unbiassed by theory, from which it appeam, that in the 
upper and educated classes of society, the head is generally 
superior in size to that of the lower orders* The same fact has 

* We need acarcely Bay that the obacnratlon was made before phrenology was 
thought of, and has nothing to do with tho peculiar doctrines brought forward 
under that namo: It is, at the same time, an obsenration to which many exoep* 
tlons must ho admitted The heads of Jlyron, Shelley, and Keats wore all 
remarkably small; whether tho deficiency existed in tho intellectual faculties 
[>CQupying the front of the head, or the animal propensities at its back, will, we 
think, puzzle phrenologists to deoldo. '* Keats's head," says Mr. Leigh Uunt, 
'* was a puzzle to the phrenologists, being remarkably small in the skull, a 
Blngularlty which he had, in oommon with Lord Byron and Mr. Bhdley, neitto 
of whoso bats 1 could evor get on”—Life QfBpron, p. S46. 
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been asserted by a gentleman who carefiiUy exanuned in 
London the hats made at the west end, and also those made by 
manu&cturers who chiefly supplied sailors, coal-hcavers, and 
such persons, and in all cases the ayerage size of those latter 
hats was considerably inferior to that of the former. A want 
of attending to this &ct is also stated to have caused a serious 
disappointment to a Parisian speculator, who sent out a num* 
her of hats to the colonies, and had them all returned as too 
large. 

To generalize of this nature, admitting of so many 
exceptions, into scientific principles, and assume them as nni« 
▼crsally correct, and as suitable foundations for the erection of 
a new doctrine, is truly absurd: yet, this it is which cracniolo- 
gists have done. OaU, say they, observed certain regions of 
the skull unusually prominent in persons noted for the posses¬ 
sion of some faculty or propenaty in a very high degree. Ho 
thence inferred a connexion between the formation and the 
mental manifestation; thence that the latter would always 
have its accompanying protuberance or fulness; next, that 
this fulness was caused by the subjacent part of the brains 
pushing out the skull; thence, that the brain, as it might 
sprout out at twenty-four different places, was composed of 
twenty-four different organs; and, finally, that, therefore, 
from a careful measurement of those organs, the faculties and 
disposition of the mind might be ascertained. In all this, it is 
evident, there was never a word about temperament, structure, 
or other modifying circumstances; it was all size—downright, 
absolute size. Such a doi'tnne as this we could at least under¬ 
stand; however improbable, there was nothing in it actually 
impossible, and H seemed a £ur subject for actual examination. 
By this rule, accordingly, it was tried, and, with a measuring 
compass in his hands, Mr. Stone, of Edinburgh, quickly showed 
that, were there any truth in the doctrine, as delivered idxrve, 
Voltaire should have been a better murderer than Thurtell, 
and a f:preater thief than Haggart, that this latter should have 
had more wit than Sheridan, besides possessing great histrionic 
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and pictorial power; that Ckra Fiaher, at eight years old^ had 
ail the^olements for becoming a lismale Baphaelj and thal) 
Thurtell, with veneration lo/rge^ benevoleiKie and 

adhesiveness my must have been a religions) pions, and 
amiable man, totally incapable of outraging the laws of God» 
or murdering one whom he had so long considered and called 
his friend! The attempt made by phrenologists to reconcile 
this latter developement whh the actual chantoter of the Tnan^ 
we look on as a more complete disclosure of the utter absurdity 
of their entire system, than cmld be offered by their most de* 
termined opponents; we give it in their own words from the 
Phrenciogical Journal^ voL i., p. 031, begging attention to the 
lines in italics. 

The murder committed by Thurtell was a predetermined, 
cold-blooded deed; nothing can justify it. Bevenge against 
Wearo, for having gambled too successfully, and, as he ima* 
gined, unfairly with him, prompted it; hut ih^ ia eveny pro* 
iabilitg thoi Thurtell laid the unwarrantable unctim to his aoul, 
that he would do a aermce to othera by dettroying Weure* ffe 
ooneidered Weave aa a compile raacaly one who had r<Med many 
as well aa himaelfy tmd one uhoy if he livedy would hauo rolibed 
many more! 

A theory which can thus convert benevolence into the 
active cause of murder, needs no further e xam i n ation on thase 
grounds: “ by its finiits ye shall know it.” 

Let us, however, consider what ore termed the onatomical 
proofs of the theory, for which, as being matters of which they 
ore entii'ely ignorant, the great mass of phrenologists profess 
the highest respect and veneration. 

A fivourite object of speculation with the older anatomists 
and physiologists, was, what tliey termed the aenaoHum com¬ 
mune, the common point of the brain, to which they supposed 
all impressions brought by nerves, before perception was pro¬ 
duced,' and from which, they argued, all volition must ema¬ 
nate ; in short, their aensorium commum was neither more nor 
less thau the seat of the soul. In this search abundant 
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abstudities wef^petpe^fciated, aiid lidiculcms ass^^ocB yentuted. 

paftd of the brain, termed the pineal plmd^ the eotptts 
caHoswUf the pons VaroHi, the corpora striata, besides the 
meduUa c^lonffota, the water in the yentricl^ or fine ex- 
hdation with which they are bedewed, were, in turns, assigned 
this honourable office. To us it appears that a cause of error 
e3dsted in the nature of the search, as its object was to invest 
an immateHial principle with one of the attributes of material 
bodies,—^locality. The attempt made to traoe the nerves of the 
senses to a common origin, though more rational, has been 
equally unsuccessful. On the contrary, the accurate dissec¬ 
tions of Spurzheim have render it highly probable that there 
is no such port of the brain existing, but that fibres originally 
diverging from the top of the spinal marrow, and reinforced at 
different parts by collections of gray mattei*, form the general 
structure of the hemispheres, while other fibresarising in those, 
and crosring from one side to the other, tend to combine the 
actions of the brain, as though the object were that it should 
act as one whole. And, be it observed, he has never shown, 
nor, as far as we are aware, attempted to show, that these fibres 
of connexion run between similar or gam on opposite sides, (for 
all organs are maintained by phrenologists to be double, one on 
the right, the other o?i tlie left, side of the brain,) but merely 
between these two great divisions of the oi^an. Therefore, as 
fax os their own anatomy bears on this point, it would rather 
indicate a unity of action between the two hemispheres, than 
between any particular portions of those hemispheres; i. e., it 
would rather evince the brain to be a single organ, than mode 
up of many organs. But, in &ot, as for as anatomy can decide 
the question, it is altogether against the plireuological tlicory. 
So fer is the brain from presenting to the eye, or the knife of 
the dissector, a number of distinct organs, \Laifoim in situation, 
and capable of having their size and shape appreciated or 
measured, that it originates from a common bundle of fibres, 
qjread out, and folded on tbo surface into convolutions, which 
convolutions we can show to bo absolutely continuous, pre- 
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isenting no apprecis^e line pC B^paanti^n, irregular in iheir 
ntoAtiqp, ^e, and form, in difierenjt heads, and on difform^ 
sides of the same head; in shorty presenting no more apfp^'ead^ 
to uniformity, than the ,windings of the ,|maU intestine. To 
put this matter beyond doubt, we present our readers wiih a 
representation of a brain, from which th{^ skull and mem* 
btanous coverings have been remove<|, cpp^ed from one of 
Spurzheim’s own platee^ in which, therefore, we may suppose 
that he has gone as &r in selecting and depicting an instanoe 
of uniformity, as could be done at all consistently with nature; 
and in this plate we beg our readers to compa^ for themfiolvas 
the convolutions of one side with those of the^other. 



We also request them to take a pencil, and endeavour to 
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point out^ (tt bsk any of tbdr {disenological finends to point aot 
to them, where any of those oigans, whidi we have mathed 
after Spurzheim, terminates, and where the next to it hegina; 
or suppose one of the organs, as phi^englogists say, becomea 

much developed,*’ bo as to encroach on a neighhouiing organ, 
19 ^ that No. xnx., Benevolence, has encroaohed on No. 
Veneration; how are we to know that it is not No. xiv. whieh 
has enlarged and encroached on No. xm.? In short, how and 
we to decide an inch of convolution at the place where two 
organs unite, to belong to one of them, rather than the other? 
j^d if this he impossible, as we unhesitatingly assert, and as 
no plurenologist lias yet attempted to demonstiate'’^ the reverse^ 
we are not justified in considering it truly ahsu^ to talk of 
the size of an organ, wjh^ for all the phrenologist knows, he 
may actually be measuring in half the adjoining organ ? But 
this refers only to the measurement of an^organ on the surface, 
or where its base is supposed to bulge out in one,of the convo¬ 
lutions : there is another of its dimensions which also i-equires 
to be considered, for the organ being a cone, extending from 
tho top of the spinal marrow, it becomes necessary to asoertoin 
its long diameter, and for this purpose wo are direoted to 
measure from the opening of the external ear to the promi¬ 
nence beneath which the organ is situated. Now, this may do 
indiffor^ly well to measure an organ, which terminates com¬ 
pletely in front, or completely on the hinder part of the head, 
though anatomy again interferes, and teaches uathat the orifi.ee 
of tlie external ear is by no means an exact indication of the 
situation at the top of the ^spinal marrow, fimm which these 
cones arc sux)po3ed to set out. 

To ascertain this matter, we have taken a large number of 
skills, ^ any one can do by going to the Hunterian Museum 
at the fvoyal College of Surgeons, and stretching a string be¬ 
tween the centre of the opeuiiigs of the external ears, found 

* We uBo th^^ term anatomically: we ore aware that Spur/hoim a 

paper on the subject io the Itoypl fclooiety, which appeared too coi^emptfblo to 
toorit a p’ace m their TrantacHonu 



mVOtrS STSTEM. 


321 


that it most frequently passed just over the anterior condyles, 
answering to thn front of'H:he spiM marrow as it enters the 
train; in other cases the string cut the whole at abont^a third 
from its anterior edge, Vhile in others it passed altogether in 
front of the hole, sometbnes to the third of an inch, and this, 
we may remark by tlA’ way, was exactly the case in the head 
of the pongo. In all those heads, therefore, supposing, which 
is almost the first phrenological proposition, that the difference 
between the intellectual faculties and tlie anima^ propensities 
Was to be estimated by the length of line from the opening of 
the external ear to the projection of the fron$ of the forehead^ 
in the one instance, and to that at the Iiack of the head m the 
other, it is clear tlyit we should add to the latter somerimes 
two-thirds, sometimes the whole, and sometimes even more 
than the whole breadth of the ’Ipinal marrow at its top, and 
yet, this is a difference of which phrenologists take no notice, 
and which does not even enter into their calculations. But 
tlie sources of difficulty increase when we copie to measure the 
leiii^tli of a lateral organ, such, for instance, as Secretiveness, 
Ko. VII., or Ac<(uisitiveness, No. vm., in wliich a moment’s 
con^deration will show any oiit that the line included, between 
the !feg oChis callipers placed in the oxtemal ’ear, and the other 
leg placed over the organ in question, can never give the linear 
diameter of that organ, in other words, the length from the top 
of thfe medulla oblongata to the surface of the organ; and if 
we attempt to gain our ends by measuring from the organ on 
one side iio the organ on the other, the approximation must be 
equally rude, as it could only be in the case of the included 
line, and the two organs occupying exactly the same plane and 
direction, that its bisection could give their linear measurement, 
and we beg to know which of the oigans at all appmeKimales 
to this coincidence ? In fact, the great error of phrenologists has 
l>een, the attempt to reduce to the scientific accuracy ct mea- 
syrement and division, certain propositions which were matter of 
popular, had almost said of instinctive, belief: and the more 
they have attempted to depart from the original Vagueness and 
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geierality of this beKef, the deeper have they nm ittto erroTy 
and the more fidly have they nianih?Bted the f^y pi their pre* 
tensions. AH people believe, in a general way,'that a w^- 
shaped aiMl>fiiilHsized brain is the organ of a more aotire and 
powerful intellect, and that thi* cannot be present when tha 
organ is defective or misshapen; but when theorists attempt to 
broidc up the mind into a number of supposed original facul^ 
ties, such os no metaphysician will, for a moment admit, and 
the brain into an equal number of organs, which the anatomist 
in vain asks to be sllo^vn, and then proceeds to attach one of 
the former (unadmitted suppositions) as a mode of action to 
ono of the latter (undemonstrated existences), and, further, to 
explain how each of these organs may modhy, or be modifted 
by the action, of any, or all the rest, they get enveloped in 
such a labyrinth of habeless speculation and visionary fimeies, 
that they are utterly bewildered by tlie complexify of their 
own imaginations, and are left to seek, amidst a })alaDce of 
errors, the possibility of an approximation to the vague geneml 
principle from wliich they had originally started. This is, in 
truth, all that craniology can do, and to this it is fast return¬ 
ing. The unanswerable fact that, for all they can tell during 
life, one-third of the most important organs* may be situated 
within a frontal sinus, of which the external wall may b€‘ re^ 
moved from the internal by a variable distance, emd not bear to 
its surface the slightest parallelism or resemblance, shows the 
complete untenableneuess of their fondamentaJ propubltion, 
that the shape and size of the brain is huthi'uHy represented, 
and can bo seen and measured upon the external plate of the 
skull. Every anatomist nlso knows, that protuberances on the 
different bones of tbe skull, at the points where ossiheatioa 
commeiiiUI^, result from thickness of bon^ not from increase of 

* Perhaps, also, vo should add that about one-third of tho oonrOlutlons of the 
JnidnaceaitttStedanilahBaiB.and to these no j/bguUf atiOt is attributed., tlw 
v^iole mlsd being tnApped. out, and apportioned to the aopeiior fund lateral ooa- 
volntlons. Will onwiologfbts havo the kfaulneas to tdl tu why one convolution 
jAiatiidhatM orgm and another not? Intnith, ihagfiast diiieBBHqirtO'booTfi^ 
taanaiasBfiitiag fliitk doottine, Is to find, out what thtgr oonridor Us point of 
dofrotoo. 
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biailt; aiui Blao know liyow nmch greater may be thkt 
thickneiss m acnttie hei»ds than others. The impoasibilHy, indi¬ 
cated by thasb &cts, of obtaining any thing like aceurate idoaa 
inspecting the minute portions of brain, to which eraniol^jista 
coniine certain faculties, scarce requires being insisted on. 

We think we havo now shown that there is no evidence* 
from anatomy of the brain being divided into many oigaalB^ 
and that there is direct evidence, that did these oi^ans really 
C2cist, still the methods proposed frr ascertaining their sLm ace 
altogether inadequate. 

The only reply attempted by phrenologists is, that we hare 
made the mistake of arguing respecting absolute si^, while 
they speak of relative size ; and that we talk of comparing 
organs in different heads, while they compare tlie oigcms of the 
some head. But this is a simple evasion. Let us admit frw 
the present (says an acute American waiter on this subject^ 
that there are no such difficulties in the way os the difference 
between the outei* and inner surfaces of tin* skull, a fiict of 
which any one may satisfy Jiimself, hy jfttssing a piece of the 
bone between his thumb and huger. Let us leave these out «f 
the case, and, iia the very teeth of our senses of sight and 
touch, let us suppobe that skulls are, as to their outer and 
inner surfaces, equal and parallel. Let us enter with an 
humble teii^ablcnehs the schools of phrenology. We are first 
pointed to a head, in which a particular organ is large. Laigct 
and small being relative terms, we naturally set about eacamiU'- 
mg diffltTcnt heads, to settle an average or standard. This 
mcthofl of proceeding, however, is cut short by th® lumark, 
that tlie siase of organs is not to be estimated by the oigans of 
other heads, lout by tdiose of the same head. The destracthsB* 
ness is large, in comparison to the benevolence, which is smaH» 
Thbt attempt to escape from tlie difficulties of an avurage 
standard, we take to be utterly futile-: there is no owape at aU. 
Organic of course, compared with each othex^ are rKcessoriify 
largo or smalL Thus, if we judge from the plaster busily tfas 
organ of destructiveness in any man’s head sit aJwayo haegst 

T 2 
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than the OTgan of music; but the ciuestion in any particul^ 
case, is not whether the organ of destructiveness is absolute^ 
large, compared with the organ of iMJjaevolence, but how th|| 
esccess of the former above a certain average, or hormal 
st^dard, compares with the excess or deficiency of the latter 
in regard to the same standard. Thus, we are continually 
driven bock to the necessity of a standard; and for a standard 
we in vain call on the craniologists : they seem too well aware 
how fatal it would prove to tlieir pretensions. 

There is one organ in the hrain which certainly is distinct, 
and may be pointed out by the anatomist as sufficiently and 
fairly separable from the rest of the mass; this is the cer^eh 
lum. Now, to this, craniologists attribute a peculiar propensity 
or feeling, common to us with the lower animals, and, as we 
^i;ere admit the existence of the oigaii, it becomes a simple 
question of experience, how far it is found to be proj)ortioned 
in devclopement to the propensity which has been assigned to 
it. The arguments generally adduced in its favour are from 
comparative and human physiology: we shall select an in¬ 
stance of both. The frog is, of all reptiles, perhaps that one 
which exhibits most unequivocally the feeling in question; in 
the frog the cerebellum is so extremely small, that its very 
existence was, until lately, a matter of dispute. In Ferussac^s 
liyXletm for October, 1831, under the head Science Medicales, 
may be found the details of a case, in wliich this part of the 
brain did not exist at all, while the propensity was rather re¬ 
markably developed. We recommend both these facts to the 
attention of craniologists, and request they will oblige us with 
any explanation of them that their ingenuity may suggest: 
until we receive that, we fear we must consider them fatal to 
the organ No. i., the only organ which they can show to exist I 

We have thus mentioned a few of tlie anatomical objections 
which occur to this theory: its present importance would not 
warrant us in pushing the subject further, tlian briefly to 
notice a few other objections to which it is liable. ^Pathology 
iuroishi^ an important one of these. A slight injury to the 
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brmit will often cause total alienation of the mind, not Im 
affection of that particulw faculty or propensity, of which the 
injured part was sup^sed to he the organ. On the other 
hand most extensive injuries may take place, and even a great 
part of the substance of the brain be removed, without any 
apparent diminution of mental power, or loss of any particular 
faulty. “ The truth is,” says Dr. Roget, “ that there is not a 
single port of the encephalon which has not, in one case or 
other, been imj>aircd, destTOved, or found defective, without 
any apparent change in the sensitive, intellectual, or moral 
faculties.” Haller made a large collection of cases, tending to 
establish this fact; and Dr, Ferrier, in the fourth volume of 
the Manche^er Tramactions^ lias given several additional cases, 
so complete and indisputable, that Spurzheim could find no 
further reply to them, than a vague charge of inaccuracy, ^ 
mistake in the observers. It has been attempted to escspo 
from this difficulty, by alleging the duplicity of organs; mid 
that though the oigaii on one side may have been affected, 
still the organ on the other may have been entire, and capable 
of its proper function; but, independently of the fact, that this 
duplicity of organs is a mere assumption, and one involving 
great and unnecessary ^fficulties, when attempted to be recon¬ 
ciled with the well-known unity of mental action, ^ihe expla¬ 
nation totally fails in the case of defective cerebellum befbre 
alluded to, in which both sides, or, if you will, both organs were 
gone; iieitlier wdll it answer in those cases of hydrocephalus, 
ill w’liicli every convolution of the brain is unfolded and cUs*' 
tended, while the mind still remains entire. Indeed, we mi^ldt 
almost leave this theory to be rcfiited by the facts brought in 
its support, such us Gall’s story of the man who w’as mad at 
one side of his head, and observed bis madness with tlie other 
sid^ 

Pathology supplies another objection to GalPs theories in 
the well-known fact, that in mental derangement^ the faculties 
most frequently impaired, are memory, volition, judgment, 
and attention; but these in Gnll’s system are no fatties cA 
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hare no orgaa^ but arc represented 4s affeotipns of sU facul¬ 
ties. 

It is also clear, tbat in cases of moilpm ait ia, the aiFeetion of 
the brain bhould always exist in, and be accamtely confined to, 
the organ of the peculiarly disordered faculty. That this is 
the case, wc scarcely know any one who will venture to assert. 
As one instance of the contrary, wc shall cite a case given by 
Dr. Haslam, of o young woman aged twenty, whose madness 
was occasioned by religious enthusiasm and a too-frequeBt 
attendance on conventicles. When admitted, she was in a 
very wretched and unhappy condition, and temfied with the 
most alarming api)rehcnfaions for the salvation of her soul. She 
sang, wept, and prayed alternately; and, after continuing some 
time in this forlorn and pitiable state, she died. Of course, 
craniologists would here lay it down, that there was consider¬ 
able disease of the organ of veneration, and that little derangt- 
ment would be fi>und clsewliere. An examination took place, 
and the result was, that the <pia ma^er, or membrane investing 
the different convolutions of the brain, was found inflamed, 
and an extravasatod blotch about the size of a shilling was 
seen upon the membrane in tJie middle of the lateral part of 
the right lobe of the cerebnum Tliere was no effusion between 
the meml^raues or into the ventricles, but a general determina¬ 
tion of blood to the contents of the cranium. 

These facts appear to require no comment. 

Phi'enologists, however, when driven from all tenable 
gspund of argument, usually as a last resource, exclaim, “ But 
OUT science is founded in nature and truth ; experience attests 
its universal applicability; to tliat wo appeal as full and 
sufficient confimaticii, and on tbat e rest our whole cause.” 
If they did so honestly, they would long since have I'eidgn^'d 
their whole cause. In 1029, Mr. Stone road before the Medical 
Somety of Edinbuigh, of which he was the President, his 
^Observations on the Phrenological devclopement of Burke, 
Bare, and other atrocious murderers; measurements of the 
heads is/^ the most notorious thieves confined in the Edinburgh 
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Jail itnd and of vanfma mdlyiduals^ l^nglish, Scotch, 

and Irish* pi^Bontmg an eKtensive series of &d;s subversive of 
Plurenology/’ E!is iqpitfsurementa, that there should be no 
question of th^ir accuracy, were made always in the presence 
of other persons, frequently of craniologists, who all admitted 
their perfect fairness. He took, for the puiq)Osc of an average, 
fifty skulls, chiefly British, belonging to Sir William Hanul- 
ton’s coUectiom, and fifty skulls collected by Dr. Simrzheim, 
and deposited by him in the Edinburgh Museum. He not 
only took the length, breadth, and height of each, according 
to the mode directed by CKmiologiHts, but ascertained the 
weight of brain they had contained, and tlie absolute and rela¬ 
tive size of the organs, and from all these data carefully and 
impartially coUectod, he demonstrated, tliat in fifteen murderers 
selected chiefly for their notorious blood-tliirstincss and depra¬ 
vity, every one of theta had the organ of destructiveness efifo- 
hete^ less thou the average of ordinary heads; and that thirteen 
of them bad it, also, relatively less when compared with tho 
W'hole contents of the skull. He further^ sliowed, that twelve 
of these men had the organ of benevolence more largely 
developed than the average, tlurt their conscientiommess was 
also full, and that the skulls genaerolly exhibited no remarkfdble 
deficiency of brain before the car, or preponderance of develcjpc- 
ment in the region to which the animal pre^jenrities are ne- 
ierred. To render his investigation stUl more coisq>lete, he 
took the measurements of the head of Dr. David Qtregory, who 
had been Professor of Mathcrdhtics in the University oC Edin- 
buigli, and subsequently appointed Savilian Profewot of 
Astronomy in Oxford. He was the distinguished friend and 
companion of Sir Isaac Newton. He was the learned author 
of several valuable works on mathematical science; and a man 
of high moral and intellectual virtue. The skull was well 
authenticated by the gentlemen who took it from the place of 
iatermmit, and presented it to the person in whoso museum 
Mr. Stone had on opportumty of examining it. The result of 
this examination was, that the oigan of des^ructivezisfi|s in the 
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learned Pr&fessar waa^ in its absolute tbazi tbe s^e 

organ in every murderer included in tlie induction; and evm 
in proportion to the general size of t^e brain, larger than the 
same in Burke, Haggart, Anderson, Glen, Balfour, Pepe, Mor¬ 
timer Collins, Clydesdale, and Divan. 

The organ of combativeness in the Professor was also larger 
than the same organ in every one of the murderers^ 

His organ of acquisitiveness was the same as B^fouPs, and 
larger tlian the same organ in all the rest, incloding even 
Gordon, M‘Keon, and Haggart, who were noted thieves. 

His organ of secretiveness was also larger than in each of 
the murderers. 

As to the organ of benevolence, Burke had it in absolute 
size the same as the Professor. Four other murderers nearlg 
the same; and seven others, all atrocious miscreants, had it 
actually larger. Even in |»roportion to the entire size of the 
brain, eleven out of these twelve had the oigaii of benevolence 
larger than the learned and virtuous Professor. 

The organ of conscientiousness was next examined, when 
it appeared that Clydesdale and Kerr had this organ in its 
absolute size larger; and, in proportion to the entire brain, 
Burke, Anderson, Gordon, Lingard, Pepe, Mortimer Collins, 
Clydesdale, and M^Keon had each this otgon of greater size 
than the Professor. 

He then proceeded to the intellectual organs, and measuring 
the organ of comparison on the heads of the murderers, found 
that four of them liad it the Sajne, three nearly the same, and 
tl^iee larger than the Professor. 

Causality was next U‘sted, and as this is the organ to which 
is attributed the power of tracing the relations of cause and 
effect, and of reasoning closely, we beg attention to the results 
which we state in full. On the skull of Dr. David Gregory, 
the measurement of this organ taken from the openmg of the 
ear to the organ on the ojo^osite side, was 5.1 imhes. By taking 
the measurement in tl^s,-^'ay, an accurate report is also given 
of the general anterior cerebral developement. 
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The oi^gan measured in the seone maimer on the ekuUs of. 
the murderers, w6s>-» ** 

. . 5.SH inchet, which k larger than the ProfeaaorlB. 


inHaggart . . 

Boott 5.2 

Anderson ... £.3 
Glen ..... &35 
Balfour ... 5.4 
Macmillan . . 5.3 
MortimerCoUins 6.5 
Clydesdale • • 6.3 
M‘Keon ... 5,4 
Buchanan . . 6.3 
Korr .... 6,7 


whioh ia also larger, 
which JaaJfio larger, 
which la also larger. 
which ia also larger. 
'Which ia also larger. 
which is also larger. 
which i« also larger, 
-which is also larger. 
which is also larger. 
which is also larger! 1! 


Hence all these criminals t^pear to have had a greater 
quantity of brain before the ear, that is, a finer intellMtual 
developement, than Dr. David Gregory, Savilian Professor of 
Astronomy to the University of Oxford. 

But one thing remained: the ;bnimal propensities are, we 
are told, situated in tlie posterior region of the brain, so tliat 
they are to ho measured by the quantity of it contained in the 
space behind the ears, and this ia to be measured from the 
opening of the ear to tlie spine of the occiput. Examined in 
this way, the cranium of Dr. Gregory gave -4.5 imUes. 


Of HoAgart . 

« 


4.06 inches 

t which is less than 1 

Scott . . 

• 


405 



which is less. 

Glen . . 

• 


4.3 



'W’hich is less. 

Andemm« 

• 


4.06 



Which is less. 

Pope . , . 

• 


,%C 



which is much leu. 

Balfour . 

• 


3.7 



which is much lest. 

Gordon 

• 


3.5 



which is wrg much 

Lingord . 

• 


3.75 



which is much less. 

Maemlllfln 

« 


3.3 



which is less. 

Mortimer Collhis 

3.0 



which is less. 

Clydefidale 


• 

3.7 



which is much less. 

M'Kcoq . 

• 

• 

3.7 



which is much less. 

Kerr . . 

• 

• 

4. 



which is lets. 

IMvan . . 

• 

• 

3.9 



which is less. 

Buohiman 


a 

3.5 



which is very much lets! 1 


So that this grave, learned, and virtuous professor, had less 
intellectual power and more animal propensity than the whole 
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stnng of Ibmtal, abandoned 'and atrocioas mar- 

deiors given above! 

We b<^e onr readers will eonsider ibis a sufficient re|)lj to 
the constantly proposed appeal to experience: pbrenologiats 
tbeinsdvea say, “ Assail our facts, and we are undone; PAre- 
nclogy admits of m exceptimis* 

We have thus attempted to prove three propositions; first, 
that the brain is not the mind; second, tliut it is the organ of 
the mind ; and third, that it is not divisible into twenty-four 
or thirty-five distinct organs, each exercising a peculiar and 
appropriate mental faculty or fimction, as is supposed by 
craniologists. Certain parts, however, exist in it, and can be 
seen sufficiently distinct from others; and expeiimental attempts 
have been made to assign to tliem their proper offices, if such 
they should be found to possess apart from the rest of the 
moss. To such attempts, it has been objected that the general 
disturbance which must arise in the entire system, when so 
delicate a part is wounded or cut away, together with tlm 
painfiil and unnatural situation in which the animal is thereby 
placed, must render all observations respecting its faculti^ 
and actions in such circumstances extremely liable xo error 
and confusion. Thus, a bird operated on in this manner, will 
no longer sing, thougii the organs of voice are perfect^ and 
have not been in any way interfered with: but the conclusion 
•which might be drawn, that the bird had ceased to sing be¬ 
cause certain parts of the braan had been interfered with; and, 
therrfore, that the organ dT singing was ritnated in the brain, 
would evidently be erroneous. In the same waj’-, if certain 
mental faculties appear lost after the removal of certain parts 
of the brain, we can by no means safely conclude that tliese 
faculties were exercised by these ports as their organs; inas¬ 
much as the. loss may have been merely consequent on the 
general disturbance produced by the injurj\ From this ob¬ 
jection experimmits may be to a certain extent freed, by keep- 
ioyg the animal until it recovers, and then observing (if the iu- 

* fhvmoiogiealJoumal, ToL liL, p. SSB. 
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jtiries be of a astore as to allow of its pcafect i^acutiosi 
to bealtb) whether any of its faculties have been pefraBaiftentiy 
lost; in whidi oase we anight, if the reeolts w^e invariaHe, 
fairly connect the feculties with the parts removed. Another 
objection, however, and one which is particulariy applicable to 
the experiments of Haller and a host of expmment-makersm 
his time, and that immediately succoeding, is that the parts of 
the bmin are held together by sQch a continuity of structure, 
and present such numerous communications, that the di/flSeutty 
becomes very great, of saying exactly to which of them you 
have limited the injury inflicted, and consequently, to which 
of them should be referred the phsenomma produced. Iho 
improvements gradually making in our acquaintance with the 
minute anatomy of the brain, evidently present the only mo^ 
of avoiding this objection, and we think every po^Lble advtB»> 
tage of these has been taken by M. Flcmrcns in conducting his 
admirable experiments; of which, as conceiving them the most 
trust-worthy we have on the subject, we sh^ give a brief 
notice. It is but fair, however, that we should firrt give 
honour to him to whom honour is due: our own countaynMai, 
Sir Charles Bell, by his demonstration of the perfect distiiK^ 
ness in function between the tw’o gi*eat claries of nerves, the 
one destined for sensation, the other for inetion, pointed out 
the way to almost all the discoveries which have since been 
made in that field; and we regret to say, that onr Frenth 
‘ neighbours, with more ingenuity than honour, wHIe avaSiag 
themselves of his facts, have neglected to acknowledge the ob¬ 
ligation. His claims, however, are now so geneifxdly aeknoW” 
lodged, that it is umieceBsory we should say auyUikig on that 
head. 

M. Flourens first set about re-demonstrating, witli some 
additional circumstanees, the diflerenoe between the seat <of 
seusatio]! and that of motion. He found, that when he pricked 
nr in any wuy instated the spinal marrow, proceeding fiuin its 
extremity towards its centre, he uniformly ptoduced stmog 
muscular contxaedims, imtil he anrived at a certain poiot 
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almost at the level of the hrmn, where the contractions cease4jr 
arid the enimal remained as quiet and undlst^bed as thotigli 
no irritation was being applied. He then made a counter- 
expeiiment, t>y commencing in front of the brain, and proceed¬ 
ing to prick and cnt it in different points which produced no 
effect until he had arrived at the point already indicated; as 
soon as he had passed which, the contractions again c6m> 
menced. Now below this point was the spinal marrow, in¬ 
cluding the medulla ohlon^ofa already figured: above it was 
the brain. The conclusion then w'^as obvious, that the nerves 
proceeding from the spinal marrow were those immediately 
concerned in producing the motions of the body; the brain 
had some other office—^what was that? To the resolution of 
this question, M. Flourens applied himself, and as he found it 
impossible to see the oigans of wliich phrenologists speak, he 
determined that his experiments should rather be directed to 
those parts which he could see ; observing, therefore, the ob¬ 
vious separation, which we have already mentioned, between 
the cerdtrum or brain proper, and the cerebelkm^ observing, 
also, certain rounded little tubercular masses (usuaUy named 
tu^rcula quadrigemina) situated just at the point where his 
irritations had ceased to produce contractions, and which, from 
theirconnexion with the root of the optic nerves, and position 
at the junction of the brain and spinal marrow, appeared to be 
of importance; he lusolved to attempt ascertaining the func¬ 
tions or offices of these three parts, the cerdbrum, cerehcllum., 
and tid>ercula quadrigemina, and for this purpose made the 
following experiments. 

He removed, by successive small slices, the cerebellum of a 
pigeon ; and as he proceeded, the bird lost, first, the power of 
flying, next of walking, next of standing steadily. It remained 
in any situation in which it was placed,*not because it did not 
msh to change, nor because it wanted muscular contraction, 
but because it was incapable of combining that muscular con¬ 
traction w as to produce motion of the kind desired. Thus, if 
menaced by a blow, the bird evidently was aware of its danger. 
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wished to avoid it, and w^hod itself into a thoaaan^ <!C^torr 
ijons to escape; but the muscular contritions, not being ooi^tf 
bined .or directed to one end, pip^d of nse. Again, ’vyh^ 
placed on its back, it ^disliked the position, made a thousand vain 
efforts to rise, ^d finished b^ remaining as it was. 

In another pigeoti, the cerebellum was also removed by 
layers from befoije backwards, and the effect^ are thus described. 
The equilibrium was lost almost completely; the animal. had 
great difficulty in keeping itself standing, and could only ac¬ 
complish it by the aid of its wings and tail. When it vralked, 
its steps were unsteady and tottering, and gave it all the 
pearaiice of an animal that, was so that frequently in 

its efforts to advance it fell and rolled over. When the 
layers had been removed, all sort of hannony or combinatmn 
of motion was entirely'- lost: it could no longer either fly, walky 
or stand. These faculties were lost by little and little, as eacll 
successive layer was removed; and M. Flourens found, thirt 
you could with certainty, by continuing your excision to a 
certain extent, destroy either or both of the former, without 
affecting thd latter. These faculties, even the lost, are lost in 
a gradual manner, becoming more and more imperfect beibro 
they are quite abolished. The animal, as regards standing;, 
commenced by being unable to remain lo^^g balanced on its 
legs; it tottered almost every instant; then its feet no longer 
sufficed; it was obliged to assist itself with its wings and its 
tail; finally, every upright iJosition became impossible, the 
animal made incredible efforts to gain such a position, iu 
vain. The power of walking was lost in a manner similarly 
gradual. The animal at first had a tottering gait, quite similar 
to that of a drunken man; then it assisted itself with its wings, 
tlien it could no longer walk at all. “At the removal of tlie 
middle layers,” says M. Flourens, “ the pigeon on which I was 
c^erimenting saw and heard perfectly well; it uttered no 
complaint, its appearance was gay and lively. From its general 
mr, no person would liave suspected tha^ it already wanted, 
half its cerebellum ; but en revanche, its gait was veiy tottering 
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and QiJieoirteiiiy bod It soon Ik^h to assist itaolf witli its wings. 
1^ continued to* cwi. The animal lost totally the power of 
walking; its feet no* l^ger sufficed for standing; it could 
merely support itself on its bent legs by th^ aid of its tail and 
wings. Freciueirtly it endeavoured to fly or walk away, but 
these useless attempts served only to remind us of the first 
effiorts at fiight or walking made by the young bird when it 
leaves the nest. If you pushed it forward, ft roDed on its 
head; if backward, on its tail. I pursued my sections, and 
the animal could no longer support itself bn its knees, tail, and 
wings; it rolled constantly round without being able to remain 
in any fixed position. When worn out by this exercise, it 
would remain for a moment in whatever position it chanead to 
be placed, sometimes on the flat of its back, sometimes on its 
belly. AH this time, it saw and heard perfectly. During its 
interval of rest the least menace, the least noise, the slightest 
irritation, renewed the tumultuous scene of its contortions 
but in the midst of all these contortions, so wild, so violent, so 
uairSgulated, tlierc never was anything like convulsions.” 

It foDows, then, from these experiments, made witJi tin? 
greatest care, and repeated frequently, that the offii*t of the 
cerebellum is to combine muscular action so as to make it sub¬ 
servient to flying, walking, running, leaping, standing, &c. If 
this be so, what becomes of the doctrine of the cranioiogists^ 
who make it the organ of an animal propensity or passion? 
What experiments have they so decisive and undeniable ? But 
W'e forget: Gall and ^urzheim objected to experiment as s 
mode of testing the offices performed by diffierent parts of th© 
brain; perhaps, they had some notion of the conclusions to 
which such experiment would lead. 

M. Flourens next turned his attentioa to the tnbemila 
qvadrigeminaf which we have already said aare th« roots of the* 
usrves of and are situated at the boundRy-liiie between 
the braia and the spinal marrow; the line oh toe one side of 
which irritation pseduceB convulsioBa—at the other, not. Bt 
maty be n e cem ry add, that toe neevea going from toeag 
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bodies do not nm to tbe ovgiaa. of the seme bofewflef^nmeet- 
ing, ate said to decussate, the fibres of eadbt'cioaEiing th^aenaE 
the other, and so proceeding to the oppSUnte oigan. The lesuilt 
of tJiis, which also decors its other parts of the brain, is, thst 
on injury d<»a 0 to dthor side of that organ is froquently felt at 
tlie opposite side of the body; thus effusion on the^ight inde* 
of the bram will produce paralysis on the left side of the bodr. 
Wo shall see th^ a similttr eff^ resulted in M. Fhmren/s 
experiments. „ 

** I removed from the brain of a pigeon one of the tubercles z 
the excision was accompanied by a convulsive general flutter, 
but not of any duration. The eye of the opposite side imme*« 
diateiy lost its sight, but the iris remained tor a long tiinei. 
movealde. The animal stood, walked, flew, heard, and uttered 
sounds expressive of pain. It often turned round, and chiefly 
towards tlu* side on which the tubercle was wanting: it saw 
porfcxstly with the eye on this hide. This latter feet probably 
exjdmns the former, which liad no connexion with the removal 
of the tubercle, but witli the notuml inclihation oi an aniifliad 
to move towards the side at which it sees best. This i& ren¬ 
dered prf)bable by the experiment of covering up one in 
several pigeons, when they will each be found to tuittt most 
frecjiuently towaids the side at which is the uncovered eye. 
When both tubercleh were excised, complete bliudneas was the 
result; but the animal retaioed all its powers of hearing, feel¬ 
ing, standing, walking, and flying. As soon as tha iuimediatef 
pain of the operation was over, the animal become trauqolil and 
quiet, and in every respect as before, save* that it was totally 
and completely blind. The conclusion then is clear, these 
tviicrcula quadrigsmina are, as it were, the mtexnal organs of 
virion; the means of communicating to the bxxdn the sensations, 
lurought in by the optic nerves.” 

His thirds and by many degrees his most interesting inquiry,, 
was that into the fimddonB of the esrsdrsm, ear bsrin proper,, 
the organ, as it would seem,, of iutelHgeime and instiiict, tha 
centre to which impraasums, mode on the sttise, ore ail referred, 
and without the action of which these ijopreasimu would pass 



836 NERYOUS STSTEM. 

unnoticed and unkpOTvi),' In these experimentg, he made, m 
it were, a sii^gulnr analysis of the animed’s existkice; he 
depriYed it of animal Ul^ that hy which it anaintuned ita rela¬ 
tions with the external world, and left it only organic life, 
tliat by which it iHsnvertcd into nutriment Substances placed 
within thd action of its digestive organs. A stnmgm', as M. 
Broc observes, to everything by which it was Burrounded, 
in^nsible to everything that acted on it; it saw not, heard not, 
smelled not, tasted not, touched not,—^not even that which 
touched it. Without desires, without c^rea» without pains, 
w'ithout pleasures; indifferent to everything, it lived without 
being conscious that it lived, or rather it had f^eased to live 
though it still vegetated. It still breathed, its heart beat, its 
animal heat was preserved, it could even move when urged to 
it by an external impulse; but the impulse never came from 
w’ithin,4t had ceased to have any volition. 

I deprived at once of the two hemispheres of its brain a 
fine healthy chicken. This cliicken, deprived of both hemi- 
splicrcs of its brain, lived ten entire months in the most perfect 
health: it might still he alive had I not been obliged, in 
coming to Paris, to abandon it. During all that time, j. never 
lost sight of it for a single day; every day I spent many hours 
in observing it; I hjive studied all its habits; 1 have followed 
it in all its ways; I have noted all its proceedings; and 1 now 
give the results of this long and careful observation. 

“ No soqner had 1 removed the two cerebral lobes, than it 
lost tlic sight of both eyes: it no longer heard; gave no sign of 
volition; but maintained itself on its lags with perfect ease and 
steadiness. It walked wlien goaded or pushed forwards; when 
thrown in the air it flew; it swullpy^ed water wb&a forced 
Into its beak. It never, however, made ouy motion, unless 
when irritated. When placed on its legs ft remained on its 
legs; when laid on its belly, in the manner in which fowls 
sleep, it remained on its belly. Constantly it was plm^ged 
in a deep somnolence, froaa* which neither voice, nor ligh^f, 
iiothixtg short of direct irritation, hy means nf blows, p|ache% 
stabs, &c., eould arouse it; six hours after the operation, it 
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assumed the attitude of deep and prdfoiAid sleep, that is to 
say, it turned its n^k, and hid iti(/ head beneath its wing, as 
animals of its species when isleepiiig. 1 left it almost 
half a quarter of an hour(in this situation; I then irritated 
it suddenly, and it awoke with a start f but scarcely had 
it awoke when it again relapsed ipto a sleep as deep as before. 
Eleven hours after the opcratioif, I made my chicken eat 
opening its bill, and pushing down it some food, which it swal¬ 
lowed very well. ^ 

“ The next day, it seldom awoke from the slcej^ in which 
it was plunged, and when it did so, it was with all the usual^^ 
gestures qf a chicken when awaking. It shook its head, ruffled 
its feathers, sometimes even dressed tliem with its bill; oecaif 
sionally it changed legs, for often it* rested only on one, as is 
common with birds. In all tliSso coses, it reminded us of a 
man asleep, who, without quite waking, or rather sty|l half 
asleep, readjusts his fiosture, &c., so as to assume >dbe less 
fatiguing, fltiettlies himself, yawn*', and then drops offoigainn^ 

“ On the third day it was no longer calm as ordinary; 
was in constant motion, Avent here and there, but without any 
determinate aim or object; aud if it met ivitli obfhKiSife in 
the way, it coul<W^Qithcr avoid nor turn awayTrom ft. Its 
caruncles A\ere of ahoiyrtd; its skin was intensely hot; it 
was suffering from a burning fever: I confined nqiy&elf to pour¬ 
ing down its throat abundance of water. 

For the rest, there was no sign of convulsions, ito difficulty 
in balancing itself, no want of liarmony in its motions: %)^ two 
days the lever had ceased, and the chickito then became ^tilet 
and somnolent as before. 

“ I now pass over many enti ies in my journal, and arrive all 
at once at the second month foom the operation. ^ 

“ The chickon enjoyed peifcct health ; *as I had carefully 
fed it, it had grown fat: it was almost constantly asleep, and 
when not asleep was still dozing. Some days past, the bones o1^ 
the skull, exposed to the air, fiad exfoliated and follen o|f; the 
Bear was now rapidly healing. 
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monilui cfbor the oparaiicm?^"! nerer jsaw a diiekan 
fatter ocr in bettef health than this one. Theronndof thefdcfiU 
is entirely eeamd ovesr; a fine, smooth, while skin clothes the 
whole suifiuse, and beneath the ridn is formed a new osseous 
layer, -still thin bat solid. 

** I have many times allowed this chicken to fiuit for two <Er 
three days toother, then 1 have placed food luider its noshrak, 
I have buried its beak in grain, 1 have placed com in the end 
of its beak, plunged its beak in water, and placed it on a heap 
of corn. Under all these circumstances it has neither smelled, 
^ pecked, nor drank; it remained immoveable on t)ie heap of 
corn, and would, assuredly, have died there of hunger; had I not 
resumed iny method of feeding it myself. 

Twenty times, in place of grain, liave 1 placed pebbles at 
the bottom of its beak, and it has swallowed them just as it 
would have swallowed grain. 

“ Furthermore ; w’lien this chicken meets an obstacle in its 
-way, it knocks up against it, and the shock makes it stop and 
reel; but to Ifiocl against a body is not to it; the chicken 
never feels its way, or eacamincb by the touch; it never hesi¬ 
tates )vhen advancing; it knocks and is knocked, but it docs 
not touch. 

“ Thus, then, the chicken, -witliout its cerebral bemkpheres, 
has really lost right, hearing, smell, to&te, and touch, yet none 
of thciso senses, or, to speak more perfectly, no oigan of these 
senses has been directly inteziered with. 

The eye is lierfectly dear, uninjured, and its iris move- 
able : the organ of hearing has not been touched; the organ of 
taste is perfect, and so is that of touch. How wrondeiful! 
Sensation no longer esdsts, though all the organs of sense 
remain : it is dear, then, that sensation does not reside in these 
organs. 

Finally; the chicken without hemispheres has loet all its 
aeoses, for it neither hears, nor sees, noi smells; nor tastes, nor 
-touches. It has lost all its instincts, for it never eats of itself, 
to whatever length of fast it may be subjected, it never 
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shelter, hiovreer great the inelemeni^cf the ixiiefri^iier, it xtever 
de!fexi& itself sgHhwt. the other chicked, it Imews neitber haw 
to fly nor to it faels no mere.the sexuail desire, ee- 
mains iIlldifi^ereaclt or inseni^e to the oarosses ci the male. It 
has lost] all imtelligenoe, for it no Lmger either wishes, or 
remembers, or judges. 

^ The oeseiaral hemispheres, therefore, are the peculiar and 
proper seat of the sensations, the instinct and the inteilig^noe.** 

From this series of experiments, clear, complete, and coan- 
vindng, M. Flosnons has establd^ed the offices of the cere- 
bellnm, the tud^icula quadrigemino, and the cerebrom; 
attaching to the fo^ the power of regulating and oonfoiahiig the 
motions of the body; to the second that of connecting an^ldl- 
pressiofii made on the visual organ with the place where it is to 
become a sensation; while the third is the immediate remp-' 
tacle of those sensations as well as of the instinct and imder- 
«4tanding.. The next question which evidently prescifteld itself 
Tvas, whether all these instincts, sonsatioigii*, &c., occupied 
difierent scats, in the cerebral hemispheres or whether they all 
concurred in occupying the same seat; and as we have already 
shown from anatomy, the prol>ability that the latter was tiie 
case, in other words, tliat tlie brain was an individual organ, we 
shall now show the more than probability which experiment 
brings to bear out our conclusion. 

M. Flourons removed, in successive dices, the brains of a 
groat numl)er of pigeons; beginjung in every possiWe direction, 
cutting sometimes from behind, sometimes from above, and 
f-ometimes peeling it off, as it wore, from around a oentml 
nucleus. The invariable result of all these experiments was, 
that he could proceed to a certain extent without destroying 
the functions of the hemispheres ; in foct, that a sufficiently 
amall poriion of each hemisphere was enough for the perform¬ 
ance (ill a manner) of all its functions ; that these functions^ 
however, hoesmo gradually enfeebled and impaii^ as the 
sections advanced, and that, at a oeitain point, they disappeared 
suddenly and altogether^ “ It follows, then,” adds M. JBloureitt, 

z 2 
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‘Hhat there are sto different seats for di^rexit nt^ Ihr 

different sensations. The faculfy of pcTtjdiving, judging, OT 
Tnsbing a thing, resides in the same place as the &Cttlty of peri- 
ceiving, judging, or wishing any other thii^, and, consequently^ 
this faculty, essentially one, resides also in an individual 
organ.” 

We need scarcely say, this conclusion completely destroys 
craniology from the roots; the brain is on» organ, not many 
organs. 

We must now leave tliis subject, however interesthig, and 
jiroceed to consider the remaining parts of the nervous system, 
the spinal marrow, with the nerves which it gives and the 
great sympathetic nerve, reserving for a separate chapter what 
we have to say regarding the organs of sense, and the j>€culiar 
class of nerves by which they are supplied. And, iu this part 
of our task, w’e are most opportunely met and assisted by the 
labours and discoveries of Sir Charles Bell, who had originally 
set out nearly with the same object as' M. Flourens, but after¬ 
wards restricted his views to the parts which we are now 
about to consider. “I liave to add,” he says, “that, after 
making several experiments on the cerebrum and cerebellum, I 
laid the question of their functions entirely aside, and eonimed 
myself to the investigation of the spinal marrow and the nerves; 
a subject wliich I found more within my power, and wliich 
forms the subject of the present volume.” 

We have already described the spinal marrow as composed of 
four columns or rods of nervous matter, two anterior and two pos¬ 
terior, laid together and enclosed in a common sheath. As the eye 
runs along this sheath, it perceives that, in the interval betw^e^ 
every pair of vertebra, a licrve is sent out to each side of the 
body; and, on looking more closely, it becomes evident that 
each of* these nerves has two roots, one from the anterior, the 
other from the posterior column, or root of the spinal marrow 
on its own side ^ that these roots join to fonn the neiv© yoiy 
soon after leaving the spinal canal, but tliat,. previous to 
joining, a ganglion, or little enlargement, containing gray 
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matter, is always foraijed on the root coming firom the posterior 
columnar An i4ea of this may be formed from tlie accmn- 
panying qnt, in which we have represented a portion of the 
B|^al marrow removed from its canal, the sheath laid ope% 
and the origin of the nerves displayed. 



Origin of Spinal Norrcs with Ganglia* 


m, Spinal Marrow. «, Nerves arising from It by a double root. 
b, SympatUetio Nerve, lying uorosa the others, and receiving a root in it 

passage from each. 


Now', in examining the bodies of animals,"anatomists always 
find that the impoi*tance of any particular arrangement is to 
he estimated, not so much by the size of the parts concerned, 
as by the constancy with which they assume the same order; 
and as the spinal nerves invariably present two roots and a 
ganglion on the posterior, as the distribution of certain nerves 
also to certain organs is never wanting, or if wanting, the &rgm 
is deprived of its particular function, it follows, from the above 
principle, that there must be some good reason why these 
nerves sliould have two distinct roots, and why the distribution 
of others should so constantly follow the same law; and the 
most obvious explanation is, that the two roots confer difierent 
lowers, and that certain nerves have peculiar functions. In 
speaking of the Alexandrian School of Physiology, we have 
mentioned that the former of these explanations had occurred 
to Erasistratus, and that he had actually divided nerves into 
nerves of aense and nerves of motion, to which -he assigned 
different origins; he appears also to have had ideas of the pecu- 
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liar &]iGtiaas o£ certaoii nerves; but Ms diwxrranie^ in a great 
ineasare, perisbed with. Mm and the school to which he he«- 
l<mgedy ^kd &r many succeeding genezatioiia it seemed to be 
the doctrine^ that the {uneti(m of nerves depended ^ the 
organs to wdiich they were sent; thus, that any nerve would 
see as well as the optic, if sent to the eye, or any nerve taste 
well as the gustatory branch of the fifth, if distributed into the 
fine papillae on the surfiice of the tongue. Objections to this 
doctrine were, however, frequently made, and, though gene¬ 
rally taught, it was felt not to be satisfectory. The tongue is 
sujjplied with nerves from no less than three different sources; 
to what use, it was said, can this answer, if they all supply the 
same faculty ? To this, even Soemmering could find no better 
reply, than that the tongue required a great deal of nervous 
excitement, and that, perhaps, two or three small nerves might 
do the work of one large. Wrisberg, Scarpa, Prochaska, 
Paletta, and Munro, each approached us, eitlier through ana¬ 
tomy or physiology, something nearer to the true explanation; 
but it was left for Sir Charles Bell ultimately to propound and 
demonstrate, that each of these nerves supplied the part with a 
peculiar endowment, which could never be communicated by 
a predominance, however great, of the other nerves; tliat the 
roots rising finm the anterior columns of the spinal marrow, 
uniformly conveyed the principle of motion to the muscle to 
which they were distributed; that sensation was the property 
of the posterior roots; that the filaments arising from them, to 
whatever length tliey might run, however they might be inter- 
wtoven or bound up with other filaments, never lost their ori¬ 
ginal function, imd that this unchangeableness of office belonged 
not only to the nerves of sensation and motion, but was ex¬ 
tended to a peculiar class of nerves, destined to produce the 
CMnbined actions necessary for respiration, as also to the nerves 
supplying the organs of the individual senses. To this dis- 
covraly, he saya, he was led, by a diligent study of the ana¬ 
tomy of their roots, and the mode in w'hich he laid down tha 
prmdlplifi was, that “ nerves have different functions, according 
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to the divislosig of the brain and spinal maorow, from whidb 
the^ take their origin.” Having satisfied bimsdf of the truth 
of this principle by aimtomy, be next proceeded to demonstrate 
it to others by experiment. 

After delaying long/’ he says, on account of the ua-' 
pleasant nature of the operation, I opened the spinal canal of a 
rabbit, and Cut the posterior roots of the nerves of the lower 
extremity ; the creature still crawled, but I was deterred from 
repeating the experiment by the protracted cruelty of the dis¬ 
section.” The result, however, as far as it went, was clearly 
consonant with his views; the animal had moved after the 
posterior root of the nerves had been divided, therefore these 
were not the roots which served for motion. It next occurred 
to him, that as life does not leave the muscles^aud nerves 
directly on an animal’s being knocked down and rendeijfid 
senseless, he might experiment on it in this state, and thus 
save it the torture of being dissected alive. For this i>iiEpose 
a rabbit was struck behind the ear, so as to deprive it of sen¬ 
sibility by the concussion, and the spinal •.marrow was then 
exjK)sed, On irritating the posterior roots of the nerve, no 
action could be perceived consequent on it in any part of the 
muscular frame; but on imtating tlie anterior roots of the 
iiei*ve, at each toneli of tlie forceps there w^as a corresponding 
motion of the muscles to which tlie nerve was distrlbuteiL 
Every touch of the probe, or needle, on the threads of th?g 
root, was attended with a museuiar motion, as distmet os the 
motion produced by touching the keys of a harpsichord* 
These experiments fully proved that the different roots asud 
different columns from whence these roots had their origins 
were devoted to distinct offices, and tliat the notions drawn 
from anatomy were correct. The explanation was, tlierefijre, 
obvious, why one part should be supplied with nerves from 
tvro to three different sources: but to reduce tliis also to the 
test of experiment, he selected the fiice, wliicli is supplied with 
two nerves, the fifth and the seventh: on cutting across the 
* nerves ^ the fifth pair on tlie face of an ass, it was found that 



344 


XER^OTJS SYSTSU. 


tlie sensibility of tke parts to whioh it was distaributed' 
entirely destroyed; on cutting across the nerve of ilie eevdtrth 
ptnr on the &ce of an ass, the sensibility was not in the 
slightest degree diminished. From this it followed, that the 
fifth pmr was the nerve of sensibility of the^face, that is, the 
nerve by which the face felt all impressions made upon it; 
smd, in tracing tliis nerve back to its origin, it was found, soon 
a£l>er leaving the brain, to present a ganglion, so that it in all 
respects answers to thf; nerves arising from the posterior roots 
of the spinal marrow, and which, as we have already shown, 
tend to the same office for other parts of the body. But the 
similitude does not terminate here; Falctta had shown that all 
the filaments of the fifth pair did not enter the ganglion; a few 
passed it hy^^orming, as it were, a separate root to the nerve; 
and, on tracing these cairtefully, they weil§%ound distributed to 
the muscles that move the lower jaw: could these be, like the 
anterior roots of the spinal nerves, destined to produce muscu¬ 
lar motion ? “ The opinion,” says Sir C. Bell, “ was confirmed 
by experiment. The nerve of the fifth pair was exposed at its 
root in an ass, the moment the animal was, killed; and, on irri¬ 
tating the nerve, the muscles of the jaw acted, and the jaw 
closed with a snap. On dividing the root of the nerve in a 
livii^ animal, the jaw fell relaxed.” Thus the functions of 
the fifth pair are no longer a matter of doubt;—is to the face 
what the spinal nerves are to the body; it arises, like them, by 
a double root, one supplied with a ganglion, the other ■wanting 
it; and also, like them, it contains two sets of filaments, the 
one for sensation, derived from the former root, the other for 
motion, owdng their origin to the latter root. 

It appears, then, that each nerve, or, more properly, each 
nervous filament, for filaments of different power may be 
bound up in one common sheath, performs but one function; 
consequently, that if a part be required to execute more offices 
thau one, it must be supplied with nerves from more sonrocs 
than one. Of this we obtain a satisfactory illustration from 
comparative anatomy, by contrasting the feeler of any of the 
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maect^ isr cirustaceous tribes, Mrith the trunk of the elephant t 
the former is destined solely for sensarion, therefore it is found 
to he himislied with a single n&rre supplied by the fifth pair, nr 
that c<mferriDg common sensibility ; but the proboscis of the 
eleplxant is not only destined as an organ of touch, but being 
hollowed into a tube, shares also in the motions of respiration ; 
consequently it is found not only to hare nerves from the fifth 
pair, as above, but also laige branches from another (the 
seventh), of wliich Sir Charles Bell has the infiueneir^ 

the muscles in respimtion to be the peculiar frinction. It may 
strike our readers that these nerves of respiration are a new 
dess, and do not properly come under the head either of 
tion or motion, therefore that they sliould have some pemdiar 
origin of their own, but that no such appears % the spinal 
marrow, 'which merely consists of the'" four columns, two an¬ 
terior, for motion, and two posterior, for sensation. And this^ 
it must be admitted, is a difficulty which anatomy does not 
enable us to remove in its full extent. Confining our atten¬ 
tion, however, to tliat part of the spinal marrow, termed the 
medulla oblongata, placed like a capital on the top of tho 
column, and forming the part which immediately connects it 
with the brain, we perceive that between the fimr rods, of 
which we liave spoken, others are, as it were, inserted or let 
in; from these'the superior respiratory nerves can be clearly 
shown to have their origin; and Sir Charles Bell suppoees, 
that though these inserted parts cannot be traced to any ins¬ 
tance in the spinal column, yet that a fine strode of medullary 
matter must be sent along it fr:om them, endowed with the 
same peculiar power, and communicating tliis power to the 
ixjspiratory nerves, wliicli are given off in its downward course. 
We have thus given as full a view as our limits and the 
nature of our work will permit, of the discoveries and theory 
of Sr Charles Bell, to which we must add, that they have 
been by no means allowed to pass unquestioned. In fi&ct, in 
1815, Mr. Cross propounded the diametrically opposite doctrine, 
that the anterior pillars and roots were destined for sensation. 
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nani tihe poslcojof ioT Biotiaii; Mr: Walker tkongM tliis fisr 
tki truer dcwtim, ikat be wrote to ebum it as Ma own; wbiia 
Burdttdi, wboy with Baer, in 1818, made a series of eaqpeivK 
ments (m fsoiga, altogether denied the distinctness of function of 
tbe SEUtanor and posterior roots, and arrived at the coneluEdcui^ 
that the- united influence of both is necessary to produce, in a 
spinal nerve, the perfect discharge of eitlier of its functions, 
sensation, or motion. In 1822 Magendie, being made acquainted 
with Sir Charles Beilis views by Mr, Shaw, immediately com¬ 
menced a set of expeximents, the result of wliich was to afford 
them the strongest and most decided confirmation. Thus in a 
yom^ dog, havnig divided the posterior roots of the spinal 
nerves, he says, “ the sensibility was always completely extin¬ 
guished when the anterior roots were cut, “ the limb became 
relaxed and motionless, while it evidently retained its sensi¬ 
bility.’’ And, finally, he thus expresses himself at the con- 
dlnsicm of his essay: “ the posterior roots appear destined more 
particularly to fulfil the functions of sensibility, while tlte 
anterior roots are more especially connected with the functions 
of motion.” Subsequent experiments do not ^pear to have 
been altogether so decisive; as we find him, in a second paper 
on the subject, coming to the conclusion, that sensat ion does 
not derive its origin exclusiwly from the posterior nerves, nor 
motion from the anterior. Since then, the interesting nature 
oi the question has caused very many physiologists to attempt 
its solution. Fodera gained results veiy dubious, and, in many 
instances, opposed to Magendie, BeUingeri fiamed a theory of 
hfeown; viz., that the posterioi roots of the nerves served for 
the extension of limbs, and the anterior for tlieir flexion; a 
theory whi<di^t appears to us we should be almost justified in 
taming ri^ulous. Schops, Backer, and Bedard, made their 
experimentB with various results, dl, however, tending towards 
Sir Chories Bell’s views, which appear to have received their 
final eonfirmation from the experiments of the aecurate Miiller, 
poldished in 1881, as well as those made by Panizm, in ^senee 
oi Soaiq^ and by Sewbert, in presence of Tiedemann, about the 
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881116 pettocL Dr, Stamims waa^ we beHere^ the last eaqpek 9 «^ 
mitegator in; this line; hut, as Im testimonj p^oeB ehiefly 
firm the accuracy of Muller, and, co9use(|iaezit]ly, the corredaieM 
of Sir Charles Bell’s views, we may he excused eoteiing 
it, refemug those who may be onidous to see an account of his 
experknents to Heeker’s Litieritrische Anmisiiy for Beeembes^ 
1832, iixnn whence they were transferred to the pages of B&o 
Jcmiml of MetBedl and Ch&moal Sdeme^ a perio^M»l 
which has now attained a marked prmrity in introducing the 
lahours of foreign physiologists to the notice of their British 
fnrethren. 

The principle of nerrotts action has been much contested^ 
and little understood: it shall, therefore, detain us but for a 
very short time* Three tlieories are rentured on the sab}«ti r. 
1st, that a very fine subtile fluid is transmitted firoan the brain 
to the nerves, and mco versd, and so conveys the commands of' 
the will, or notice of an injury; 2ndly, that tl^ takes placd 
hy vibrations or undulations along the course (£ the nerve ; 
and, 3fdly, that this principle is neither more nor less than the 
galvanic current. The first opinion is very old, mid seems tU 
have originated in the idea that the brain ^vas a ghuid, and, 
from the great quantity of blood sent to it, must secrete some 
kind of fluid. This fluid could not be showTi, therefore it 
must necessarily be of a very subtile nature, and capable of 
moving with the necessary velocity, or, aa Stuart deseribea it,. 
“ tenuissimum, dulcissimum, mobilisamima, et minimb co- 
luerens, aut coagulation! sanguinis obnoxiumthat is^ 
subtile, most blond, most mobile, possessed of the least possible 
tenacity, and not liable to coagulation like the blood. It is, in 
short, the ftnimal spirits of the philosc^bers of two or three 
centuries back, and to which the genius of Xtescartes gave rim 
inincipal celebrity. Bcsearches are still being made by Gkav 
man physiologists after this, as yet, imaginary fluid, and 
Autenrieth, we believe, is said to have all hteb demonstrated it*. 
Dntil he does so completely, we will take leave ^io doubt 
existeiuce, the moi^ particulariy, that even if we were to admit 
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the tiervBB to be tubes, snd containing a fluids both ^ which 
&cts we deny for want of evidence, we do hdt sec how the feet 
of a fluid moving backwards and forwards would assist oitr 
imd^tandhig the nature of sensation and voliiioit. 

The second hypothesis, or that of vibration^ owes its chief 
celebrity to Hmtley, and supposes that the nerves are soise^ 
thheg like the stjrings of a musical instrument^ which, when 
taodied, vibrate, and that this impression, made at one end, is 
cx^mmnnicated at the other. Those vibrations were supposed 
tod>e continued into the brain, and were even made use of to 
explmn the association of ideas: but there is nothing so absurd 
that on ingenious man canu^t colour over, and invest with a 
certain degree of plausibility. All the world knew that the 
common conditions required before a chord can vibrate are, 
that it should be tense, or stretched between its extremities, 
and isolated, or not allowed to rest along another body: but 
every one who liad eyes, could see that a nerve was so for 
from being tense, that, if cut, its cut ends actually overlapped 
each Other, and so far from being isolated, that it was the whole 
way imbedded in soft, moist, cellular structure, often sur¬ 
rounded by fet and other yielding substances; yet, though they 
knew the one, and could see the other, they still pomuaded 
themselves that somehow or other a nerve could vibrate : cer* 
tainly when they had got so far, subsequent difficulties were 
not likely to stop them. 

The third hypothesis, or that of electricity or galvanism, 
has been most elucidated by the researches of Dr. Wilson 
Philip, and we sliall briefly consider the experiment on which 
he most insists, as proving its truth. 

The hair was shaved off the skin over the stomach of a 
young rabbit, and a shilling bound on it. The eighth pair oi 
nerves (the pair by wliich the stomach is supposed .to he en¬ 
dowed with the faculty of digestion) were then divided, and 
about a quarter of an inch of the lower pait of each coated with 
This was done to render them more convenient con¬ 
ductors of ihe galvanic fluid, which was th^ sent along them 
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id the usual way. For five hours the auimal contUmed in a 
perfectly natural state, and exhibited none of those symptoms 
of derangement of the functions of the lungs and ttomachf 
which usually fellow the division of the eighth pmr. It had 
neither vomited, nor been distressed with difficulty of breath¬ 
ing. It had not eaten anything after the nerves were divided. 

power of the galvanic mixture was, by this time# getting 
exhausted, and, in proportion as it failed, so did the animal’s 
respiration become disordered: iu a <]uarter of an hour it had 
become so difficult, that the animal lay gasping, and apparently 
at the point of death. Acid was now added to the mixture in 
the trough, and the galvanic p(\’^cr raised, till as high as at 
first. Soon after this the animal ceased to gasp, and breathed 
witli much greater freedom. The galvanic process was several 
times discontinued and renewed, and always with the same 
effects. The animal died in six hours after the division of the 
nerves, and on being opened, it was found tliat some parsley, 
wliich it had eaten previous to the experiment, had disappeared, 
or at least was deprived of all its peculiar ap{)eamnce and smell, 
and I’educei to such a pulp as is usual in healthy digestion. 

Both Mr. Hastings and myself,” says Dr. Philip, “ who have 
been much accustomed to examine the stomach of rabbits^ 
under various circumstances, thought that digestion was nearly 
os perfect, as it would have been in the same time in a healthy 
rabbit. This rabbit had not eaten unytliiug for twelve hours, 
till within tluec hours of the experiment; it was then very 
hungry, and was allowed to eat as much parsley os it chose.” 

This ex])eriment Dr. Philip voided and repeated in different 
ways, and added others similar, which also gave similar re¬ 
sults; in conclusion, he says, “We here see the influence of 
the brain removed, that of a galvanic trough substituted in its 
place, and the result the same as ii‘ the influence of the brain 
had still continued he therefore concludes, that the nervous 
influeime is tlie galvanic fluid, collected by the brain and 
spinal marrow, and sent along the nerves; and aaksi, Whether 
it be possible to explain the result of his experiments without 
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Adinittmg tbe vMt^y of tlie nerrous influence aM. gslm- 
iwlft? . » f 

iKro isikiMder this tranced as a E^trict logical ^oof, 
« fellacy is «t OBoe evident^ though Dr. Phi%> has ingnniouMy 
kept it out 4i view, by making his syUogtsm an 
and placing the fifliacy in the suppressed proposition. For isaa 
axgament is this: gedvanism produces the same efieets as the 
nerFous influence sent from the brain, therefore, galraniSBi is 
the norrous influence sent from the brain. The suppressed 
proposltieii is, saaneness of efiect, infers identity of cause 
and the fallacy of this we can demonstrate without leading the 
ground Dr. Philip has chosap.; for if he select the contraction 
of A muscle as the efiect, we know it can be caused by pinchhiR 
with a forceps the cut end of the nerve going to it, and it can 
^50 be caused by sending a galvanic shock through the ntsrve; 
hut it Is evident, tliat pinching with a forces is not, therefon*, 
a galvanic shock. 

Leaving, however, the strictness of logical proof, which is 
seldom to be expected in such a case as the present, we would 
in the first place remark, that the accuracy of Dr. Philip’s 
expc'riments has been denied on very high authority; and the 
following experiment which Dr. Cooke relates, as having been 
made for the satisfaction of some of the niembera of the Royal 
Society, certainly tends to support the denial. 

Experiment 1.—‘“Two rabbits, which had had no food for 
seventeen hours, were allowed to cat as much parsley as tliey 
chose; the nerves of the par ragum (eighth pair) were then 
divided at the neck of both the rabbits. One of the rabbits 
was subjected to tlie influence of a voltaic battery, and the 
proeess was continued fu^ five hours; the other rabHt was 
allowed to remain quiet. At the end of five hours the two 
rabbits were killed ; and, on examining the stomachs of both, 
the appearances were exactly alike, except that the conttacti<m 
4if the centre was somewhat greater in the galvanized stomach 
tltaca the other.” This is totally inconsistent with what should 
hove happQied, if Dr. Philip’s theory were correct; hut in 
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it 86^8 hy no meaits geoemlly adoiiiiied tkmt tiie dteo- 
tioBS of the ^tonxocli are dependent on the eighth pair, wiuoh» 
it win be oheerred, is tah^ far gianted by X)r« I’hlU^ but 
^presidy denied by Sir Betijaiuui Brodie and other lemhieiit 
physiologists, and that on the £uth of aonh ei^periments as 
the following, whkh Dr. Cooke seems to g^TB on his own 
authority- 

ExpamiUBKT 2 , —“ In a young cat, the termination of the 
nerves of the eighth pair on tlie cardia of the siomacii^wenp 
carefully divided; tlie animal was perfectly w^ell afterwaads, 
was lively, ate its food as usual, and the resiuration was not 
aflfected. At the end of a week, three hours after having 
been fed with meat, the cat was killed. On (hasectimr, diges- 
tion was found to be going on as usual; the food in t3»e 
stomach was, in a great nieasuie, dissolved, and the thoracic 
duet and the lacteals were distended with chyle, having the 
ordinary appearance. 'Hie nerves were carefiihy traced, and it 
w'tts asceiiniiied that not the smallest filament had been left 
undivided. This expci-hnent was repeatod with exactly 
same results, and the Editor of the ^tarterly ^ourtmlf cM^m- 
menting on it, observes, ‘it appears to set the inquiiy at rest, 
and disprove the expiTinaentb made by Dr. Wilson l^hilip.’ ' 

But though Dr. I'hilip has failed to estiblwh lus own 
opinion, he lias given a very satisfactory refutation of the 
tlicories of Descartes and Hartley. He cut a nerve, and after 
retracting its extremities to the distance of a quarter or half an 
inch from each other, Ibimd that it was still ca^>aUe of convey¬ 
ing the stimulus to act: of course, this w’ould iiave been, 
impohbible, had it consisted in vibrations, nor do we see how it 
was to take place, if dependent on a subtile fluid flowing 
tlirough very fine tubes. 

[I'hysiologists, however, are anxiously watching the progress 
of discovery in animal electricity, than which, no scumoe has 
told deeper secrets in more familiar language. Generalusation 
has been carried so for, and so happily, in electrical research^ 
that, notwitlistanding the philosophical caution which keeps 
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l;>ack the phyaician from yielding to the hop© of being able 
identify nervous with galvanic power; yet, that there is some' 
intimate, though still latent, connexion between these subtile 
principles, is a matter of very general beliel^ “ He who pre¬ 
dicted, and ‘showed,’* says Dr. Walsh, in a letter to Dr. 
Franklin, “ that electricity wings the formidable bedt of the 
atmosphere, will hear with attention, that hi the deep it speeds 
a humbler bolt, silent and invisible. He, w^ho analy^ed the 
elec^cal phial, will hear with pleasure that its laws prevail 
in animate phials. He, who by reason became an electrician, 
will hear with reverence of an instinctive electrician, gifted in 
his birth with a wonderful apparatus, and with skill to use it.” 
It is singular (and we are not aware that the observation has 
before been made) that the ancients generalized the electricity 
of the torpedo, to which Dr. Walsh aUudes in the preceding 
extract, with the powers of the magnet, when they recom¬ 
mended botb /or Ihe cure of gout; thm^ unconsciously an¬ 
ticipating the great discovery of M. Qilrsted of the identity 
of rile electric and magnetic currents. To compare the blind 
coincidences of past practices "witli present opinions opens up 
a curious proof that both rest on common ground. The cause 
of gout, says the physician of to-day, is “ weakened nervous 
organic power;” the Itoraau and Arabian physicians recom¬ 
mended the shock of the torpedo as a remedy for the same; 
CEtius says that those afflicted wi^i tho gout, either in the 
hands or feet, should hold a magnet in the hand to rriieve the 
pain: and the electrician sees but one n^d the same principle 
in the empirical remedies, in the physiological opinion, and in 
the disease Itself. » 

.Let us turn, however, to the frets: Sul^mr, as early as 
17(57, dcsfljiribed the influence upon taste caused by the contact 
of different metals with each other ^uid wjth the tongue. In 
1773, Dr. Walsh proved that electricity is an animal, as well 
as an inoiganlc product; that the back t^id breast of the 
torpedo an? in different states of electricity j and that, to re¬ 
ceive the shook, it is necessoi’y that the upper a^d lower am?- 
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feces of the animal should oommuxdcato hy some conducting 
substance. Before the time of Galvani, it had been observed 
that muscular convulsions were sometimes caused by elec¬ 
tricity, but in 17d0, he discovered that these take place when 
a muscle is connected with a nerve by a metaUlo conductor: 
soon after this, Volta discovered that the mere contact of 
bodies is sufficient to disturb electrical equilibrium, and that ti 
currevt of electricity flows in one direction through a circuit 
of three conducting substances. 

If we analyze these few ftmdamental facts, we shall see 
that Dr. Walsh discovered organic electricity, or that which 
esdsts as a natural product of animal organization; that Gal- 
vani showed the conditions necessaiy to produce one of ithe 
most startling effects of electricity, artificially excited, upon 
organized beings; while the results obtained by Volta iex- 
plained the facts recorded, but not understood, by Sulzer. 
‘‘The principle once establislied,” says Sir John Herschel, 
“ that there may exist in the animal economy a power of de¬ 
termining tho developement of electric excitement capable tff 
being transmitted along the nerves; and it being ascertained, 
by numerous and decisive experiments, that the transniission 
of voltaic electricity along the nerves of even a dead animAl, 
is sufficient to produce the most violent muscular action, it 
became an easy step to refer the origin of muscular motion in 
the living frame to a similar cause, and to look to the brain, a 
wonderfully constituted organ, for which no mode of action 
possessing the least plausibility had ever been devised, as the 
source of the required electrical power.” 

That such has not yet been proved to be the case is per¬ 
fectly true; and it must be confessed that electricians are far 
mure sanguine than physicians upon this point: but we agree 
with Professor Daniel], that “ there never was a more tempting 
field of reeeakih, or one that offered a higher reward for its 
successful cultivation.” “In these electric fish,” says the 
same writer, “ we behold nervous power converted into electric 
force; it cannot be doubted that the convetse of this ispos- 
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eible. We aie, however, only upon the threshold of this 
inquiry of erarpassing interest*.”] 

It only remains^ to conclude this chapter, that we should 
aay a word of what is called tAe great i^mpathetio nerve. 

This has properly neither heginning nor ending: it re¬ 
sembles none of the nerves of which we have hitherto been 
speaking, and which can all be shown to originate at some 
determinate place, either of the brain, or spinal marrow, t, Tho 
sympathetic, on tho contrary, seems to up, as it were, 

everywhere: and to be, in fact, a collection of ganglia united 
together by innumerable nervous filaments, and sending out 
others to all the organs found in the great cavities of the cliest 
and abdomen, and generally known by the appropriate term of 
vital. In fact, wherever an ordinary nerve comes off from the 
spinal mmrow, there the sympathetic is sure to have a distinct 
filament sent to it also (see last plate); insomuch, that Le 
Gullois concludes it to arise from all the spinal marrow. The 
filament, in tho first instance, runs into one of these small col¬ 
lections of gray braln-likc matter termed a ganglion, and it is 
here tliat it becomes, as it were, incorporated with the other 
filaments of the S3nnpathetic system, and endued with its 
peculitur properties. It w£^ at one time thought that ganglia 
were peculiar to this nerve, whence it was supposed that they 
might bo so many centres fur combining the actions and feelings 
of the different parts which derived nerves fium this source, 
and thus being the means of producing ^mpath^y the name of 
sgmpath^iG was given to the entire system. Bichat even 
went so far as to consider it a distinct system, and quite inde¬ 
pendent of the other, or cerebro-spinal system. The latter, he 
supposed to be the centio of animal life; that life by which 
we peiform all volur.taiy motions, and maintain our connexion 
with other animals: the former, he considered as tlie seat or 

Another has boon added to our short list of eloottio azdinals; on Ma^ 6, 
1830, Mr. Ysrrell exhibited to the Entomological Soolety of liondon a large and 
very hairy caterpiliarf a native of South Amerioa, whloh, together with the 
electric ed. the torpedo, and tho Tromblcnr of Bconsooiuiet, poOKtascB the power 
of coaanmiioatiPB tiie deotiio shock.] 
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centre of orgem^ life, that life by which we meantain our indi- 
ridual existence,—and as the brain and spinal marrow, through 
the nerves which they give off, direct all our actions in the 
one, so did he suppose that the ganglia were so many distinct 
little brains for presiding over all the internal motions neces¬ 
sary to the healthy mamtenance of the other. This idea or 
the ganglia being so many brains is given up, but the distri¬ 
bution of functions is nearly such as is now-a-days admitted, 
though the distinctness of the two ^sterns is no loiDger main¬ 
tained. 

An important difference in the mode of action of this nerve, 
is, that it is not under the direction of the will. The use of 
this is great and obvious: the parts supplied by it, and deri¬ 
ving their vital energy from it, are of such a nature that thehr 
functions are required to proceed independently of our volition 
or attention; in fact, while we are asleep, as well as when we 
are awake. Thus the heart, which is abundantly supplied by 
branches of tlie sympathetic nerve, beats night and day, from 
the moment of our birth to that of our'death, without re¬ 
quiring from us any care or pains, and its cessation would be 
instantly fatal. How wise then tlic provision, thus to with¬ 
draw from the reach of our will or caprice, an oigan on the 
action of wliicli our whole life depends; and bestow on it a 
new and different principle of action, which, while it impels 
its muscles constantly to contract, at the same time relieves 
them from ever feeling that sense of lassitude and weariness so 
ovcrj)Owering under continued exertion of what are called the 
voluntary muscles. Equal wisdom is observable in the pecu¬ 
liar kind of sensibility with which it is endued. The nerves 
that arise from the posterior columns of the spinal marrow and 
terminate every where on the surface of the body, serve, by 
their power of conveying impressions, to give instant notice ot 
the approach of Whatever, by its continuance, would be in¬ 
jurious or detrimental to the entire frame. A man who acci¬ 
dentally suffers his hand to touch any body of a temperature 
higher than is consistent with the existence of on organised 
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part, is at once warned, by the pain of the bum, to withdraw 
it. Were the injury accompanied by no pain, it is evident, he 
might allow it to proceed until it had reached some vital part, 
when liU life would be the sacrifice. 

This obvious and simple reasoning at once enables the 
physiologist to reply to those discontented visionaries who rail 
at the existence of pain as an evil, and imagine how we might 
have been framed so os to be insensible to its existence. The 
same reason, however, by no means will extend to internal 
or^ns supplied by the sympathetic nerve. Any destructive 
cause, to reach them, must have already penetrated the sensi¬ 
tive surface, where, of course, abundant notice of its presence 
has been given, and all further is needless. We find, there¬ 
fore, that of ordinary sensibility, the sympathetic system is 
totally devoid. No man can tell what part of his stomach or 
bowels is full and what part empty, though ho would have no 
fiifl&culty in saying whether one of his hands was frill and the 
Other empty; nay, so completely is this nerve devoid of ordi¬ 
nary aensiblity, that it is said, its plexuses and branches may 
be cut, or pulled, or twisted, without the animal appearing to 
suffer the least pain. But we know, that this insensibility 
does not extend to cases in wliich derangements occur in the 
functions over which it is set to watch ; let a man be seized 
with inflammation of the stomach, or spasms of the intestines; 
let him have a stone in his bladder, or an obstruction in the 
gall-ducts, and then ask him whether his sympathetic nerve is 
not capable of conveying the sensation of pain, and thereby 
giving warning that something in the system is going wrong, 
and requires correction ? 

We have thus completed onr view of the general nervous 
system. 
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THE ORGANS OF SENSE. 

Five senses are generally attributed to the most perfect ax4- 
male, viz. sight, smell, taste, touch, mid hearing, of which the 
eye, the nose, the tongue and palate, the akin or gener^ 
surface of the body, and the ear, are considered the appropriate 
oigans. Every animal possesses one or more of these faculties, 
which enable it to maintain its connexion with the external, 
world, and deprived of which it would, in fact, cease to be mi 
animal. For had it no sensations, it would wont all stimulus 
to action; but thought and motion ore both action, and would 
both, therefore, be extinct; and the animal, fixed to the Gpot 
and incognizant of all the objects b}' which it was surrounded, 
would cease to be an animal,—it would be a plant. On the 
contrary, the more sensibility an animal .possesses, the more 
energetic and frequent are its movements: the oyster, which 
in its perceptions is extremely limited, scarcely ever leayes the 
same place, its movements being chiefly confined to such mus¬ 
cular contractions as take place within its shell; while the 
bird, endowed with sensibility in a high degree, is always in 
action. It has even been thought that the same distinction 
might be extended to man, and that those who receive very 
lively impressions from their senses, exhibit also a greater 
portion of energy and activity; the modifying causes, hoinrever, 
become here so extensive and numerous, as to make us ex¬ 
tremely cautious how we admit any general rules. 

Touch is tile most generally diffused of our senses, and the 
most generally useful. It enables us to acquire notions re¬ 
specting the figure, size, weight, hardness or softness, tempera¬ 
ture, distance, &c., of bodies, and the great number of different 
objects to which it can be directed have caused, particularly of 
late years, a pretty general impression that it should be con- 
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ddered rather as man^r than as one sense, thou^ the mode in 
which it is to be divided seems not well agreed upon, 
Charles Bell particularly, and we think with just grounds, 
insists on the necessity of distinuishing a sense of muscular 
contraction, or what he terms, ** a consciousiKSS of the state or 
degree of action of the muscles.*’ That we poss^ such a sense, 
is evident, from our feeling the effects of over-exertion and 
weariness, from the pain which is excited in us by spasms, 
which are noting more than the sudden, forcible, and invo» 
luutaiy contractions of muscles, and from our being capable of 
estimating the weight of a body held in the hand, which is 
only jud^g of the quantity of muscular exertion necessary to 
keep it from MLing, by its own gravity, to the ground. It is 
this sense also, that enables us to regulate all our positions and 
motions, which are, in all cases, the effects of muscular con¬ 
traction; so that it applies to a group of objects perfectly 
uniform, and quite distinct from the operations necessary to 
judge of temperature, or perceive pain; we may, therefore, 
reasonably admit, that it is a peculiar sense, and, according to 
Sir Charles Bell’s theoiy, is therefore ministered to by peculiar 
nerves. 

It is true, as he observes, [that those nerves, in almost all 
cases, become intimately connected with the nerves of common 
sefosibility returning from the skin, so as to render their anato¬ 
mical separation difficult or even im 2 )ossible; and this has 
been, doubtless, one reason why the sense of pain and the 
sense of muscular action, though evidently so distinct, have 
for such a long time been united under the common name of 
touch or sensibility. Dr. Bostock proposes very nearly the 
same distinction, confining the term touch to “ the sense of re- 
fifetauc^” and treating the sensations of heat and cold, of 
hunger and thirst, &c., as specifically <listinct. M. Magendie 
uses the two distinct terms of tact and touchy which cliiefly 
differ in this, that in exercising the former, the animal is pas¬ 
sive, but in exercising the latter, active. Thu^ if while we 
are looking another way, any object should be brought into 
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contact with tcay part of our hody^ we are sensible that such 
contact has taifcen place, and we have notions rather general 
and indistinct of a few o£ the qualities, such as the tempera- 
tnre and hardness, of the body ^ this is tact. But if we see a 
body, and wish to infonn ourselves respecting its weight, 
figure, consistence, &c^ we stretch out the hand, feel it, exa*^ 
mine it all round, or attempt to raise it up ; this he colls ifoucA^ 
The former tiien is involuntary, the latter voluntary ;—^the 
fanner is diffused over the entire surfece, and even seems to be 
possessed by almost every organ; the latter is chiefly exercised 
by a peculiar and appropriate organ, as the hand in man, the 
tentacula in difierent animals, &c.; finally, the latter may not 
inapproj)riately bo considered as the perfection of the former, 
with certain additions, for touch includes tactf but superadds 
the knowledge of muscular contractions directed by the wDl. 

M. Adelon proposes a division, which may appear still more 
philosophical. Ho considers, that all the senses have two kinds 
of functions ; one immediate or primary, the other auxiliaiy : 
thus, the eye judges of light, the ear of sound; those are their 
primary or immediate functions, and in the performance of 
these, the ear receives no assistance from any other organ; But 
both the eye and ear can assist the touch in judging of dis¬ 
tance ; and this is said to be in all these organs an azmliaiy 
function. Now the primary function of the sense of touch, 
M. Adelon conceives to be the judging of temperature. It is 
certain, that by the touch (M. Magendie’s division tacf), we do 
judge of temperature, and that no other sense would enable iis 
to do 80. We might hear and see, and taste and smell, as we 
do now, but without touch, we should never be aware of the 
existence of heat and cold. Furthermore, the sense of touch 
is alw'ays exercised in performing tliis function as we are 
always sensible of the temperature of the surrounding £dmo- 
sphere, and in this field the sense of touch acquires its greatest 
extent, as it not only enables us to judge of solids and liquids, 
but even of gases, wliich are usually described as impalpable, 
that is, imperceptible by the touch. We may, tlierefore, con- 
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eludes M. Adelon, admit tbis to be the tnie primary iunotioai 
of this sense, ivlule the others, such us judging of form, 
weight, size> mobility, distance, &c^ are its secondary or ausl- 
liaiy functions, those in which it asidsts or, is assisted by the 
otlier senses. 

The object of the senses being to make us acquainted with 
the qualities of foreign bodies, it therefore became necessary, 
as a primary condition, that their organs should he placed iu 
the sur&ce of our bodies; an internal organ could not maintain 
an external communication, save through the medium of 
others. A further conditiou we may also notice to have been 
adhered to, in their structure ;—they must consist of two parts, 
the one situated more deeply, consisting of the expansion of a 
nerve, in direct communicaitLon with the hi^in, and consti¬ 
tuting, as it were, the more immediately vital part of the 
organ; the other external, placed on the surface, meant to con¬ 
centrate or modify the external impression in such a way as to 
adapt it to the peculiar sensibility of the first part, and itself 
constructed generally more in accordance with the laws of me¬ 
chanics, and capable of being imitated or explained on their 
principles. The most beautiful examples of this, we shall 
presently hava occasion to notice in the eye and the ear, which 
are severally the expansion of tlie optic and auditory nerve be¬ 
hind a telescope in the one case, an ear-trumpet in the other; 
hut it will be found equally applicable to the organ of touch, 
which we must now proceed to consider. 

The whole skin is, in man, an organ of touch. It consists 
essentially of two distinct buyers, the dermis or true skin which 
is internal, and the rpidermis or scarf-skin, which is external. 
The former, which consUtotes the immediate and proper en¬ 
velope of the body, is formed of ^ue, pliant, flexible and ex- 
t^sible lamins, closely matted together and perforated by 
innumerable exholant aud absorbent vessels, for the purpose of 
carry^g on the perspiration and absorption which take place 
i^om the surflice, as well as by the sentient extremities of the 
nerves, which a microscopic inspection shows rising through it 
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In minute papilla destined to exercise the sense of wliich 
areito\^ speiddng. These, therefore, constitute the internal 
part of the organ; but were they directly brought into con¬ 
tact with the objects of which they are to judge, they would, 
from their extreme sensibility, give us scarce any other per¬ 
ception than that of pain, which we know to arise when any 
sensation is carried to excess. To^vent this, therefore, the 
external part of the organ of touch is added, viz., the scarf- 
skin, which is a fine transparent flexible envelope, placed over 
the entire body, completely insensible itself, and sufiiciently 
blunting the sensibility of the nerves of touch by interposing 
its thin membranous substance between them and the bodies 
which they are to examine. It is this scarf-skin which is re¬ 
moved by the ^plication of a blaster, and we well know what 
pain , then results from the simple exposure to atmospheric air 
of the unprotected ends of the nerves. 

The uses, then, of the two parts of this organ, are perfectly 
distinct, and they have this peculiarity, that the external is 
used to diminish the force of the impression before it reaches 
the internal, while in the eye and ear the object seems to be 
to concentrate and increase. Some philosophers? have started 
the idea, tliat the touch is to be looked on not only as the most 
generally diffused sense, which we know it to be, but as the 
common sense, the parent sense, that of which all otlier senses 
are but modifications; and certain speculative physiologists 
have transferred the idea from the sense to its and 

assert, that all other organs are merely modifleations of the 
skin, which, as we have shown, is the general organ of 
touch. As long as we confine our view to the organs of smell 
and taste, there appears even much plausibility in this opinion, 
as we have already shown, that the mucous membrane, which 
lines the cavities of the mouth and nose, and so constitutes the 
external part of these oigans, may fairly be looked on as a con¬ 
tinuation of the skin endowed with new properties stilted to 
its new situation; but when we come to consider the eye and 
ear, the theory becomes altogether untenable; there is no port 
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of the skin with which they hear any such analogy as to 
entitle us to oonsidsr them as modifications of and the ds*< 
fenders of the doctrine can here inrent no eicplanation more 
feasible than that which arises &om considering these organa 
respectively as the perfect developement of the bulb of a ha^i 
Besides being an organ of touch, the skin is also meant to 
he an organ of protection: the conditions necessary for each of 
these ends are so inconsistent, that the one can only be per¬ 
fected at the expense of the other; and as delicate sensibility 
is evidently more important to man than to other animals, 
while these latter, being deprived of the resources afforded by 
reason, are more dependent on their structure for defence 
against external injury, and so stand more in need of shelter, 
we accordingly find tliat the skin is best adapted in man to 
answer the former purpose, and in the lower animals the latter. 
It is further adapted for this, by the addition of fiir, bristles, 
hair, feathers, crust, shell, &c., all of which must evidently 
dimmish its utility as a delicate organ of tact. When the 
latter condition, however, becomes again requisite, means ore 
taken to ensure its presence, and the wide membranous wings 
of the bat, thickly supplied with nerves, are so extremely sen^ 
sltivc, Ob to enable it by this means alone, even when its eyes 
are put out, to avoid numerous obstacles placed in its way. 
But the perfection of this sense seems to be situated in the 
human hand, than which there is no organ more beautifully 
adapteil for its exercise. Situated at the extremity of a long 
flexible leyer, it can be easily applied and moved in all diree* 
tions round the object to be oxaniined; composed of several 
small bones (so many as twentyiseven), it obtains from tbeir 
motions on each other, a sufficient degree of flexibility, which 
becomes much increased towards the end, ivhere the division 
into separate fingers takes place; supplied with nerves nume¬ 
rous and highly sensitive, supported, particularly towards the 
ends of the fingers, by a soft pulpy cushion, which enables 
them to be applied with the greatest accuracy and effect, while 
they are stimulated and excited to the act by the rush of blood 
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to tlie fine vascular time in which they axe imbedded, the 
hand concenitotes in itself every necessary qualification for 
exercising this saise in its gTeatest perfection, and must enable 
us to obtain perceptions far excelling in accuracy and clearness 
any that can be obtained through such organs as the lips, the 
paw, the tail, the tentacula, the antennse, or the barbels by the 
lower animals. 

From Touch we pass by an easy transition to TaMe^ which, 
in feet, is by many considered merely a modification ^of the 
former sense; nor does the idea seem to be without sufficient 
grounds of support. As it was necessary that some sense 
should be bestowed on the exterior surface of our bodies, to 
give warning of the approach of any injurious or noxious sub¬ 
stance, so would it appear advisable that the access to our 
iutenial, or aliinentary surface, should, in like manner, be 
guarded by its peculiar sense, the office of which should be to 
examine all matters which were to come in contact with it; 
and refuse to admit them, if their sensible qualities appeared 
to denote that such contact would prove deleterious. Now 
this office is performed by the sense of taste, which is thus to j 
our internal suriace what touch is to our external surface—a ' 

t 

guard to warn it against such contact as, if prolonged, might 
be productive of injury. This jmalogy is further home out by 
examining the anatomical structure of the tongue, the prin¬ 
cipal scat of this sensation. The tongue, like many other parts 
of the frame, has more than one function to perform; and a 
consideration of the nature of these functious will, in general^ 
be found the best guide to the structure of tho part. Thus, in 
the present instance, tho tongue is required both to aid in the 
formation of speech, and to constitute the principal organ of 
taste; for the former purpose it must be extremely mobile, 
and therefore fiirnished with abundance of muscles; for the 
latter, extremely sensitive, and therefore profusely supplied 
with nerves: both these conditions are complied with. Fur¬ 
thermore, as these nerves are to constitute an orgsn of sense, it 
wUl be necessary, as we before stated, that they should be dis- 
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tribute^ on the snzf&ce; we may th^fore conclude that the 
muscles must occupy the lower and inner parts dt the tongue, 
and the nerves the upper and superficial--this, too, is thC case. 
But we can advance another step: the object of this sense is 
the sapid qualities of bodies; but these can only be appreciated 
when in a state of liquefaction or solution,—if a perfectly dry 
body be applied to a perfectly dry tongue, there is only a sense 
of toucA, not of therefore, we may conclude, that the 

sentient extremities of nerves which are to judge of the taste 
of bodies will be covered by a line moist membrane, and placed 
in such a situation that provision for constantly maintaining 
this moisture shall be made; and a mementos oonsideration of 
the mouth and tongue, with their mucous and salivary glands, 
will show how beautifully and successfuUy every one of these 
conditions lias been complied with, and how admirably the 
organ is adapted for the performance of its important duties. 

The tongue derives its nerves ii^)m no less than three 
sources; and this, again, is a necessary consequence of the 
complexity of its functions. The sense of taste seems to 
depend on the branch which it derives from the fifth pail*, and 
as otlier branches of this same pair are those which supply the 
general surface of the face with its sense of touch, we find hero 
another and very strong point of connexion between these two 
senses. It has been doubted whether the fact be as we have 
stated, respecting the sense of taste, which many physiologists 
were inclined to attribute to a peculiar nerve (the ninth), 
rather than allow it to be a propei-ty of a branch of the nerve of 
common sensibility; but M. Magendic’s observations seem to 
us quite decisive on vliis point; when the trunk of the fifth 
pair was diseased or cut, all sense of taste was lost; “ Every¬ 
thing I ate,” said a patient of his, labouring under this affection, 
‘‘ seemed to mo to be earth,—1 felt os though 1 were eating 
earth.” 

For motiooi, the tongue is supplied with the ninth pair of 
nerves, and qpmparative anatomy indicates this to be their ap¬ 
propriate office, as in fishes, in which the tongue no longer 
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movet but is bound do^^pi to the door of the mouth, it no 
longer receifea this pair of nerves. But there is a motion 
perfe<^y distinct from that required for speech, and which it is 
noteless essential the tgsngue should possess; this is the motion 
of the tongue necessary to assist in:S«^llowing, and to stimulate 
it to this peculiar acticm, it is supplied with branches from the 
glouo^haryngml nerve % the remaining branches of which are 
distributed along t^e pharynx and gullet. By this a most 
important end is answered, for as noon os the morsel, after 
being chewed, is transmitted to the hack of the tongue, all these 
parts are at once called into harmonious action, and the safe 
transmission of the morsel from the month to the stomach Is 
ensured* 

The contrivance, by which as much as posribla of the 
sentient extremities of the nerve is exposed to the sapid body, 
is simple and obvious. The surface of the tongue is not smooth, 
but roughened by numerous papillcc, in which the nerves ter¬ 
minate, and which rises above the general level. By this 
means the sapid body, when dissolved in tJie saliva, is ai^Med 
not only to the end, but all round the extremity of the nerve, 
so that this latter may be said to be literally soaked in the sub*> 
stance which it is intended to examine. 

Attempts have been mode to ascertain to what peculiar 
constitution or formation it is owing, that bodies possess dif¬ 
ferent tastes. Bellini and the mechanical school endeavoured 
to explain it by tlie fonn of the atoms, or molecules, of which 
the body was composed ; thus they supposed that if |hese<^eare 
round, the body would be sweet; if angular, that the body 
would have a sharp pungent taste. This mode of accounting 
for sensations, by referring them tpphysical properties, which a 
moment*s reflection will show they resemble only in rtame, and 
that in consequence of the imperfection of language, is now 
justly and universally abandoned. With some more show of 
reason, others were inclined to attribute the sapidity of bodies 

* eiotso-phartmgeal, sapplrlng the tongno and phaiTiiit; ftrom yXotf'P’or, Ibe 
tongue; and the phaaTUX, or top of the gullet. < 
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to their chemical composition; hut this was only shifting the 
difficulty, and they Were never able to agree amongst them¬ 
selves to which of the elements of bodies they should suppose 
thia sapid prinmple to be attached. Miasquer defined sapidity 
to be the tendency which a body has to combine with the 
tongue; and Magendie having observed that vinegar, the 
mineral acids, and certain salts, produce an effect on the epi¬ 
dermis, or investing membrane of the tongue, changing it to 
yellow, white, &c., seems inclined to adopt the same opinion: 
"perhaps,” he says, "to this sort of combination may be attri¬ 
buted the different kinds of impressions made by sapid bodies, 
as well as the variable duration of those impressions.” We con¬ 
fess we have no conception of tliis combination between organ¬ 
ized and unorganized bodies ; we can see how the latter, as in 
the case of caustics, may destroy the former, but that a little 
l>it of our tongue becomes united with everything we taste, 
which is the doctrine of combination put into plain English, 
Seems to us so extremely improl)able, and, at the same time, 
affords so little information as to how taste takes place, that we 
must decline receiving it until some bettter proof be offered. 
For our parts, we frankly confess we do not know why one 
body has taste and another not; we look on sapidity to be a 
quality inherent in some bodies and not in others; but of the 
reason for this difference we arc completely ignorant, nor could 
any one deteimine d priori, respecting a new body wliich was 
presented to him, whether it should have taste or not*. 

We have now considered two of the senses, which wc have 
found occupied chiefly with the qualities of matter existing in 
masses of appreciable bulk. Tims the touch is principally 
occupied with solid bodies, of which it estimates the weight, 

[* “ Bwootneesand Wttemoss, like noidity. snems to depend upon no particular 
principle, but to bo regral&ted by tho state of combination in which the some 
principles exist at different times." John Hertchel^At the stato of combi¬ 
nation in which these principles do exibt Is being daily morn and referred to 
olsctrlo action, it is possible that their choct upon our senses may, !n time, be 
also referred to the ^(Bino cause. Wlion tho positive wire of a galvanic pile ia 
applied to the tip of the tonguo, and tho negative whe touches some other part of 
It, an«cld taate is caused; when the piles are revoraod, the taste becomes alkaliiie.^ 
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form, <Hi^kesioxi^ and other properties whiclf molecules poas^ 
when Tinlted in the block: the taste requiring their lique^Qs^^tlon 
may be said to judge of them just at the nmment when about 
to be separated; while a third sens^ the smaH* to which we 
now proceed, appreciates only certain odorous molecules after 
they are entirely separated from the mass, and conveyed, as it 
were, in a gaseous solution, to strike on the delicate lining 
membrane of the nose^ which being ^undantly supplied,with 
nerves, is thus prepared for taking cognizance of their qualities* 
Thus, these three senses are affected by actual (xMact of the 
body, or parts of the body, which they examine,^^and, there^ 
fore, present still another point of view, In which they may be 
looked on as Ixmch and its modifications. In the two remmning 
senses, hearing and sight, no such contact takes place; in the 
first of them, it is universally admitted, that no part of the 
vibrating body need be in any way brought in contact with thO 
ear, in order to the producing of sound, the vibratory motion 
communicated to the air being sufficient for this puipose; imd, 
in the second, the theory that luminous particle or molecules^ 
are shot from the viable body and impinge against the eye, is 
fest falling into disrepute; and the undulatory theory, supported 
by Herschel, Brewster, Lardner, and most of the mathe- 
matical school, is now generally adopted in its stead. Thus, if 
we view the senses in tlie following order, touch, taste, smeH, 
sight, and hearing, we find tliem becoming, as it were, less 
material, less occupied with tlie grosser particles of bodies, and 
the same order will nearly represent the extent to which lihese 
senses are found diffused through the scale of animal beings, aU 
posessing the first, and, perhaps, we may add, the second, while 
the third, fourth, and fifth, are frequently imperfect or 
deficient, more particularly in the invertebrate tribes. 

The smell is connected by so many links with the taste, 
that the description of the one naturally follows that of the 
other. Both primarily destined to inform us respecting the 
nature and qualities of our food, they are both situated at the 
entrance of the alimentary canal, and it would even appear as 
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though the one ‘waa only a more refined exercise of the other: 
tasto in&rniing ns of the qualities of bodies when dissolved in 
a liquid, sijneU when in a gaseous or volatile form. Even 
this distinction does not appear always to exist, at least if w'e 
allow the isctilty of ^smelling to fishc^ as they must receive 
the odorous particles through the medium of water, not of 
air. The immediate seat of this sense is generally known to 
be in the first or oljhctory pair of nerves^ spread out in the 
nose beliind a very fine membrane, termed pituitaiy’^, or from 
its discoverer Sehneiderion; and we thus perceive that this, as 
well os the other organs of sense, presents the two parts which 
we have described, as necessaiy to tbeir perfection; the in¬ 
terior or vital, which serves for the actual exercise of the sense, 
and the external or mechanical, which is useful for the con¬ 
centration or modification of the impression. ** The olfactory 
apparatus,” says Magendie, ought to be represented as a sort 
of sieve, placed in the passage of the air bs it is introduced into 
thecheifet, and intended to stop every foreign body that may be 
mixed with the air, especially odours.” To enable it the 
more perfectly to do that, it is lined with a membrane of ex¬ 
treme fineness, yet still but a reflection of the external skin, 
endowed with the power of constantly secreting a viscid matter, 
familiarly known as the mucus of the nose. By this means 
tWo objects aige gained; the odorous particles are, as it were, 
arrested u| their passage, and kept for some time in contact 
with the pituitary membrane, and this latter is itself preserved 
moist and pliant, necessaiy conditions (os in the case of the 
tongue, we have already shown) to enable the nerve to per¬ 
form its proper function. The inside of the nose is not one 
smooth uniform passage, hut is divided, in the first place, into 
three principal passages, termed th^ superior, middle, and in¬ 
ferior meatuSt by certain extremely slender bones, which pro¬ 
ject from its sides, fold downWQrds in somewhat of a rounded 
form, and are invested by the lining membrane, of which we 
have already spoken, and which thus acquires an increased 
extent of sur&ce. This will be best understood from a re- 
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ference to the subjoined cut, which is intended to nepiesent 
the nose, divided by a vertical section, and all the rij^t part 
removed, «o as to admit a line inspection of the inter!er°bf the 
left nostril. ” 



At B, oDd C; inforior, tnl(ldlo» and buporior Hdatns. 

1. First, or OlfaatoCy Norvos. 

& FIftli {>air of Korves, or Nerves of common Sensibility. ^ 

But there is a stifi further complexity; for tlie^ air passes 
from the two superior meatus into certain cavities, whi^h exl^ 
in different bones of the head, (chiefly tlio^ftontal, tcthmoidal, 
and superior maxillary,) and are lined with a continuation of tliis 
same mucous or pituitary membrane. It does not, however, ap¬ 
pear tliat any brandies of tlie first 2‘air, or true olfactory nerves, 
can be tiaced into them, and accordingly M. Bicherand found 
tliat, in a patient in whom accident had form^ 'an ppeniiig 
into these cells, highly jierfamed injections 'couhl* be intro¬ 
duced into them without producing any senfe of smell, pro¬ 
vided the return into the upper part of the nostril were pre¬ 
vented. M. Descliamps made a similar, and, we think, more 
satisfactory expcrimeait, by introducing air^ strongly impreg- 
nated with tlie vapour of camphor, into these cavities, as he 
here used what we have before shown to be the appropiiate 
medium for bringing particles in contact with this sense; and 
we may oven be permitted to doubt whether a man, if bis 
nostrils were stopped behind, and completely filled witli rose¬ 
water, would have any perception of the scent: divers^ we 
know, can employ their e^es very freely under water, but we 

2b 
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I sever heard of their ssing their noses. The result^ however, 
* of M. Deschamps’ experiment, was the same as M. Bioherand’s; 
a&d from thcGio and other observations, it seems well aeoer* 
tained, that tlie first pair of nerves is that which peculiarly 
ministers to this sense; and as a reference to our plate will 
show that this nerve is almost entirely distributed upon the 
pituitaiy membrane of the superior meatus, it must be there 
chie6y that olfaction takes place; consequoitly, when people 
wish to increase the power of smeU, we observe them close tlie 
' mouth, cause all the air they inhale to enter through the 
nostrils, and furthermore, by narrowing the passage through 
these, increase the force with which the air is made to impinge 
against their lining membrane, while at the same time they 
give it on upward direction, so os to cause it to reach the part 
more peculiarly destined to appreciate its odorous contents. 
The same may bo also noticed in p^rsjps taking snuff, who 
always eudeavour to draw it up as &r as possible. It is in 
performing this and similar ofHces that the external nose, 
which is itself insensible to Bcent% contributes to tlie perfect 
exemse of the faculty. Persons who have lost this oigan, 
smell very imperfectly, or not at all; and M. Bcclaxd has 
established the interesting fact, that such persons are vexy 
much assisted by the use of on artificial nose, or bimplo funnel- 
shaped tube, which may serve as a conductor. It seems not a 
little strange that, with the knowledge of such a fact before 
him, M. Mogeudie should suggest any doubt as to the uses of 
this part in smelling. 

But, in addition to the power of distinguisliing smells, the 
pituitaiy membrane is also endowed witli a sufiidently acute 
ehUre of common sensibility; for the purpose of bestowing 
which, we observe it is supplied with some branches from the 
fifth, which we have already said is the nerve of common 
sensibility for the entire head. The use of tliis provision is 
extremely obvious, as it at once infonns us of the presence of 
any imtating matter on the surface of the membrane, and 
warns us of the necessity of attempting its removal. Some per- 
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sons have thought that this office might have been'performed 
by the olfactory nerve, but this evidently could only be the 
case, when the offending substance was odorous; and Magendie 
lias shown that when the fifth pair was cut through, even 
the strongest stimulants might be applied to the membrane, 
without producing any sense of uneasiness. Indeed, he even 
goes BO far as to say that, with the division of the fifth pair, 
the sense of smell completely ceases, while the effect is ivot so 
complete if, the fifth pair remaimng, the olftctoiy nerves are 
destroyed; whence he infers that the former are absolutely 
necessary to enable the latter to perform their function. We 
ore inclined, however, to think that here he went a little too 
far, in his anxiety to prove the fifth the nerve of all the senses; 
he seemed to assume, that because an animal sneezed, therefore 
it smelled, whi(‘h is evidently a false assumption, as tickling 
with a feather will ^produce the former without the latter 
effect; and, ftirthermore, that because an animal did not 
sneeze, or withdraw its head from strong vajtours, such as am¬ 
monia or acetic acid, therefore it did not 'smell; a conclusion 
equally untbunded, as its withdrawing its head would be the 
result of paiii, and pain would appear to follow the undue ex¬ 
citement, not of the olfactory nerves, but of the nerves of com¬ 
mon sensibility. Doctor Breschet relates a very interesting 
cose of a person who had inherited from his father a great 
obtuseness or almost total deficiency of the sense of smell. 
He wus perfectly incapable of distinguishing a rose from the 
carrion-flower {Stapelia hirsiUa) if his eyes were shut; he felt 
no inconvenience from the most fetid gases, until their entrance 
into his lungs produced irritating effects there; to the scent of 
snuff' he was, of course, perfectly insensible, yet he took it, 
was capable, by its effect on his pituitary membrane^ of dis¬ 
cerning between coarse and fine, and even sneezed very readily, 
if the snuff happened to to be fresher or more pungent than 
usual. In this case, a more perfect analysis was made tlian 
could be effected by any of M. Magendie's experiments on 

o n *> 
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living animals, tlie functions of tlie fifth pair were peifect, of 
the first ^most obliterated. 

The two remaining senses, sight and hearing^ have been so 
frequently made the subject of popular ^squisition, while 
optics and acoustics have become so much a portion of general, 
rather than physiological, science, that we may treat them 
with more conciseness than their importance would otherwise 
have required; our object being, not to trench on subjects 
already familiar to the general reader, but to endeavour to in¬ 
troduce to liis notice those parts of physiological science, with 
which, from the nature of the works in wliich they appeared, 
or the language in which they were enveloped, he has hitherto 
had little opportunity or inducement to become acquainted. It 
is necessary, however, that we should briefly allude to a few 
of tlie principal characteristics of light, for the purpose of 
showing more clearly the perfect adaptation of the mechanical 
part of the organ of sight to the law's by which it is governed. 

Light comes to us from the sun, and other luminous bodies: 
it has the properties of alw'ays moving in straight lines, where 
tliere is no obstacle; of being reflected, and so making bodies 
visible; of being refracted in passing through certain media; 
and of being decomposed by means of a prism, so as to show 
tliat, though in its ordinary state colourless, it is yet the cause 

of every varying shade and 
tint in the countless objects 
by which we are surrounded. 
Of tlicse properties, refrac¬ 
tion is tlic most important, 
as on it the whole mechanism 
of vision may be in a manner 
said to depend. It only takes 
place in transparent bodies, 
tliat is, such bodies as permit 
the rays of light to pass 
through them, and even 
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these fail to refract, if the ray come in a direction perpen¬ 
dicular to their sur&ce. Suppose, for instance, that ah c d 
were a piece of glass, or any other transparent substance, 
having a densily greater than atmospheric air: a ray of light, 
jp, falling on it in a perptodicular direction, will traverse 
it to p'f in a perfectly strmght line, and without sufFering the 
least deflection in its course. But, should the ray come in a 
slanting or oblique direction, as from it will no longer con¬ 
tinue in the direct line s s\ but wiU, as soon as it meets the 
surface at *, be refracted, that is bent from its own proper 
course, and made to assume a direction, i e, nearer the perpen¬ 
dicular p\ than its own proper direction, i s. In this direc¬ 
tion it will traverse the body of the glass, but, on leaving it, at 
at the point e, will, a second time, be refracted; this time, 
however, it will be bent awaj^ from the perpendicular, exactly 
as much as it was before bent towards it, so that when the 
glass has its opposite sides parallel, the continued course of 
this ray, e x, after having passed through the glass, and again 
cmeiged into air, will be exactly parallel ith its former line 
of direction, and will just have the same effect as if the ray 
had been moved a little to one side, or would appear to a spec¬ 
tator at X, as if it had originated, not at s, but at z. Now the 
angle, s i jp, which the slanting ray makes, with a perpendicu¬ 
lar drawn to the point i, at which it meets the surface of the 
glass, is termed the angle of incidence; and the angle e i p*, 
which the broken ray makes, with the same perpendicular 
continued, is the angle of refraction; and it has been ascer¬ 
tained that the proportion which the sines of these angles bear 
to each other, is always the same when the refraction is made 
by a body of the same nature. Thus, when the infraction 
takes place from air into water, the angle of incidence is inva- 
riahljf about one-third greater than the angle of refraction; if, 
therefore, the refractive power of atmospheric air be taken as 
imity, or 1, that of water will be represented by 1|. Esti¬ 
mating in the same manner, that of common gloss will be 1^, 
and that of diamond 2^. 
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These laws are mToriahle, bnt we may alter some of ^e 
conditions of the experiment, and consider how this will affect 
the ray. Suppose, then, that in place of the parallelograHi 
abed, we {dlow the ray s to fall on one side of the triangular 

glass prism m nr, it will, by 
the law laid down, be re> 
firacted into the line o e, 
approaching o p, the per- 
pendiciilar to the surface 
n r. Arrived at c, it will 
be again refracted, but as it 
is now passing from glass to 
air, the refraction will be away from the perpendicular c p\ so 
that we shall have nothing like the parallelism which, in the 
former case, existed between the incident and refracted my, 
bnt s 0 will have assumed the doubly bent direction s oe s'. 
This, at least, would be the case, were a ray of liglit perfectly 
simple, but this very experiment has served to demonstrate its 
compound nature, and, at the same time, let us into the secret 
of the origin of colours. For the several parts of which it is 
composed have not the same capability of suffering flexure, 
they would, therefore, arrange themselves on a screen, or wall, 

according to this capability; and 
we all know that a ray of solar 
light, s, is broken by a prism 
into several distinct rays, form¬ 
ing what is usually tenned the 
soiar spectrum, in wdiich the red 
ray, r, as being the least re¬ 
frangible, is always found at the bottom, and the violet ray, c, 
as being most refrangible, at the top. 

If we now proceed to consider, not a ringle ray, but a pencil 
of rays, that is, any number of rays diverging frnm one point, 
such a pencil would have Its divergence in some measure 
checked by such a parallelogram as we frrst represented. For 
let a be the object from which the central ray, a p, is directly 
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perpendicular to « 2, the snr&oe oi the lefractiDg body, while 
lateral rays meet it with 
an obliquity constantly in¬ 
creasing, and are, therefore, 
more powerfully refracted in 
proportion as theirdivergence is 
greater. This refraction, how¬ 
ever, is merely sufficient to pre¬ 
vent or diminish divergence; 
it cannot produce eonverpenee, that is, make them all tend again 
to one central point. This, however, may he managed, for 
though you cannot alter the direction of the rays, you can 
alter the direction of the surface on which they fidl, and, as it 
is with reference to the perpendicular erected on this surface 
that they are bent, you can, consequently, by increasing the 
obliquity, increase this bend¬ 
ing. Thus, if a; ff, in place of 
being a plane surface, is bent 
away from the object so as 
to form as many distinct faces 
as there are rays, it is evident 
the obliquity witli which 
these rays meet it is thereby 
very much increased, and so 
also will be the force wth 
which they are refracted, insomuch, that they wdll be com¬ 
pletely bent in, so as again to meet the continuation of the 
perpendicular, a jp, in some part of its course. Now, as the 
object, a, was originally seen only by the rays reflected from 
it and entering the eye, it is evident that, if we could ihake idl 
these rays, after leaving it, once more converge at a comraou 
point, an image of the object would be formed at that point, 
which should be visible if received on a screen or other body 
interposed for the purpose. But experience shows that this 
may be done by a lens, that is, a refracting body, tlm surface of 
which constitutes part of a inhere, aud which, Uierefore, may 
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l>e considered as merely a polygonal figure like the above^ ex¬ 
cept that the mdes have become infinitely small and numerous. 
If, then, a pencil of rays fall on such a surfece, the central ray 
will pass in an unchanged direction (the line drawn through 
the centre of a circle being always perpendicular to its sur&ce), 
but all the rays on each side will be bent towards this perpen¬ 
dicular, and that in such proportions that they shall all ulti¬ 
mately meet it precisely at the same point. This point is 
termed the foms, and it will be more or less remote, according 
to the nature and form of the lens, and the direction in which 
the rays meet its surface. 



monly used, and termed the double convex; we also see how all 
the rays from any point, a, of which the central ray is per¬ 
pendicular to the surface of the lens, are made to converge at 
the point a, and those from x at tlie point x', so that these 
points would be accurately represented. If, therefoi*e, these 
points existed in the surface of any extended body, a represen¬ 
tation not only of them, but of all other points in the same 
surface, would be found at’^he other side of the lens, in the 
^lace we have indicated as the focus, that is, a picture of the 



body would be fonmed at this situation. Thus, if in-the only 
aperture leading into a darkened room, you insert a lens, I m. 
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the pencil of rays fr<nn each point of an object placed without^ 
such as an arrow, will, in their passage through the lene^ be 
made to converge, so as to meet their central ray at the focal 
distance; here, therefore, an image of the object will be 
formed, but uniformly inverted, as we see above. This is the 
whole principle of the eamera chsmra; it is also the principle 
of the refractive parts of the eye, to the oonuderation of which 
we may now proceed. 

The eye, like all other organs, is composed of an internal 
vital part, the optic nerve, and an external mechanical part, 
the general globe of tbe eye, or eye-ball, which is so constructed 
os to be suited for maintaining a communication with external 
objects. The anatomical situation of these parts is very easily 
learned, and will be^readily understood from the accompanying 
cut, which is supposed to represent a vertical ^tetion of the eye. 
Here we notice, in the first place, the general case, or investment 
of the eye, which is made by a thick opaque strong membrane, 
evidently intended to protect the delicate parts within, as well 
as to afford attachment to the muscles by which the organ is 
moved. This coat, s s, is termed the scl^otic, from its hard¬ 
ness*, and, being imperviable to light, it places the chamber of 
the eye just in the situation of the room we mentioned above. 
For this sclerotic is not 
continued all round, but 
has an aperture cut in the 
front, from c to c, in. which 
aperture is inserted the 
corneay that beautiful lus- ^ 
trous transparent part in 
front of the eye, which 
serves to admit light into 
the darkened chamber, and 

through which alone all the rays coming from external objects 
esn find admission. But were this aperture entirely open, too 
many pencils of rays would enter the chamber, and so interfere 
^ith one another that no distinct picture could be formed, as 

* From bard. 
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we know would nlso be the (»se in the derk^Ded Foom, if in 
p^e of a small aperture the entire window were thrown open* 
To remedy this in the room, the shutters are closed, and a 
wtiflll hole made in them ; in the eye an exactly similar provi- 
i^n ocours, a screen, 1 1 , termed the iris, is hung across, and a 
amdl aperture, p, named the pnpil, left in the centre. Still 
i^)paratus is not complete: it is true that, under such dr- 
cumstances, a picture of an external object would be formed 
both in the room and the eye; but we Imve already shown 
that the pencils of rays from each point uniformly diverge; 
we therefore place a glass lens in the aperture of the window- 
shutter, because reason and experience both evince its utility, 
and we find that a lens, l, superior to any glass lens, lias been 
placed just behind the pupil of our eye, so admirably arranged 
by a gradual diminution of its refractive power towards the 
edges, that even the ray which reaches it most obliquely, is 
just BO fiir refracted as to ensure its coming to the same focus 
with tliose nearest the perpendicular. 

So far the resemblance is very striking, but here it ceases. 
In both cases a picture is formed by the refraction of the rays 
of light coming from the external object; but in the room, the 
picture falls on a screen or a wall, and there is no result; in 
the eye it falls on a living sentient screen, and vision is imme¬ 
diately produced. This screen is the rOina, wliicli we have 
indicated by a fine dotted line within the sclerotic, and which 
is nothing more than the sentient extremity of x, the optic 
nerve, which we see behind, coming from the brain, and which 
here expands into a membrane, IieautifuUy fine and almost 
transparent. This last property would have the effect of again 
permitting the rays of light to disperse, after they hod been 
collected at a focus, were it not lor the chor<ftdy the third coat 
the eye, which we see marked by a fine line inteiposed be¬ 
tween the sclerotic and the retina, and which constantly 
secretes a quantity of dark colouring matter, that serves to 
render the retina opaque, and absorb all the light that may 
traverse its substance. It is Uiis dark colouring matter that, 
seen through the aperture of the pupil, always makes that 
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appear black: Albinoes, is persons in whom the oolcnzring 
matter is wanting, are said to have red e^ree, beoanse* the lant 
given by the numerous blood-vessels of this coat is then evl* 
dent. The same fact is of constant occurrence in white rabbits, 
white ferrets (the term ferret-eyed has, in &ct, become pr&* 
verbial for the appearance), and other animals in whom there 
is a deficiency of colouring matter as evinced by the whiteness 
of their hair and skin. The colour of the eye, however, is 
ordmarily estimated by that of the iris, and this, in a great 
measure, depends on the greater or less transparency of its 
texture; for the colouring matter, of which we have spoken, 
is also spread on its hack or inner surfitce, and it is cliiefiy to 
the reflection of this, shining through and variously modified 
according to the more or less reimeting structure which it 
traverses, tliat the colour, as seen in front, is owing. The ilia 
is supplied with two sets of fibres, the one ciicular, which 
serve to contract, the other radiating, which serve to dilate, the 
pupil. Whether these fibres are muscular or not, has bwo 
much disputed; but os to the power, there is no question. 
Any one may convince himself of it, by closing his eyes before 
a looking-glass, and then suddenly opening them, so as to let 
the liglit fall full on them, when he will perceive the pupil 
which had dilated when the eye was shut, now contracting 
with more or less rapidity, according to the intensity of the 
light. And this expeiiment will also show him the object of 
the contraction, which is to regulate the quantity of light ad¬ 
mitted into the back of the eye, and which, if too great, would 
injure the retina; so that the iris has a double function to 
perform; the one os regards the quantity of light neceiraary to 
form a distinct image,—^this is mechanical, and common to it 
with the hole in the shutter; the other, as regards the degree of 
brightness tolerable by the expanded nerve, and this is vital, or, 
at least, under the immediate direction of a vital principle. 

To conclude our anatomical view of the eye, it is merely 
necessary to add that it contains three distinct humours; 1, 
the aqueous, which is found immediately inside the cornea, 
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occupying all the space betvircen it and the lens, so that the iris 
may be said to hang floating in this humour; 2, the crystal¬ 
line humour, which seems scarcely to deserve the name, as it 
is a solid transparent substance, in fact the body of the lens, 
but contmned in a capsule; and 3, the vitreous humour, so 
Called from its likeness to melted glass, and which occupies all 
that large space posterior to the lens, not less than three- 
fourths of the entire eye-ball. These humours are of different 
degrees of density, all, however, greater than that of water, and 
therefore contribute in different degrees to the proper refraction 
and convergence of the rays of light necessary to produce a 
distinct image. The aqueous humour seems also of use in 
producing that bulging out of the cornea, whereby its anterior 
surface is made a segment of a circle, and therefore endowed 
with the properties of a lens. Its quantity in the adult is 
said to amount to about five grains, and, as may be observed in 
our diagram, it is contained in two chambers partially separated 
by the iris, but communicating through the pupil; the poste¬ 
rior, which is very narrow, containing only about one-fourth, 
and the anterior three-fourths of the whole. This was best 
shown by M. Petit’s experiment of freezing an eye, and then 
cutting it open, when the plate of ice in the posterior chamber 
was found to he extremely thin. 

This is as much as we can say respecting the refracting part 
of the eye; but we must add a few words respecting its more 
immediately vital and sentient part, which we have already 
said is formed by the retina or net-like^ expansion of the optic 
nerve. This, w'e may perceive, is spread out immediately 
behind the vitreous humour, and embracing it like a capsule 
80 as immediately to receive the rays that have traversed it, 
and by its refracting power been finally brought to a focus. 
As soon as their image is formed on the retina, the brain is 
informed of it through tlie medium of the optic nerve, and 
perception takes place ; if the optic nerve he cut, there is no 

communication with the brain,—^no perception,—and though 

* 

^ From rete^ a net. 
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rsfiRction takes place, and the image is fonned as perfectly as 
ever, the eye is thoroughly and permanently blind, lliere is, 
however, one point of the retina on which light may &11 with¬ 
out producing any perception, and it will, at first, appear 
strange that that point is found to correspond exactly with the 
entrance of the optic nerve. The discovery was made by the 
Abbe Afariotte; and the conclusion which he attempted to 
draw irom it was, that the true seat of vision Was not in th^ 
retina and the optic nerve, but in the choroid, which a refer¬ 
ence to our figure will show to be wanting at this identic^d 
spot. The aigument, however, is invalid, as we know that 
nerves perceive not by their stumps or trunks, but by their 
fine extremities; now, when a picture (as in the case of 
vision,) is to be formed on these extremities, it is necessaiy 
they should be expanded into a surface to receive the picture ; 
but this expansion does not take place precisely in the optic 
nerve itself^ but on each side of the point where it enters. 
The fact, however, is undoubted, though we have shown that 
M. Mariotte’s conclusion was erroneous*5 it therefore becomes 
necessary to consider how this insentient point is so placed as 
not to interfere with our vision of objects. And, in the first 
place, we perceive that it is taken out of the direct axis of 
vision,—that line in which vision can be most advantageously 
performed, and which is indicated 
by a right line, ax, drawn through 
the centre of the cornea, pupil, 
and lens. This is the line in which 
we attempt to bring all objects that 
wc wish to see distinctly; and it 
is to enable us to do tliis, that the 
eyes are endowed with such a 
facility of motion, os were they 
completely fixed in their sockets, 
oblique objects would be seen very 
imperfectly, or not at all, without 
he trouble of turning the entire 
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head or body. Still, If the object be somewhat prolonged we 
see that a my hrom some point of it, as r, must strike on the 
insentient put of the eye, while the axis Is ^ected &lrly 
towards the centre of the object, so that, did the entrance ^ 
the optic nerve, in each eye, receive, at Ihe same moment, the 
rays com^ &om the same point, that point wotdd be invisible, 
and all objects, at a certain distance, would appear to us to 
present a minute black spot at some point of tbeir surface. 
This, however, is guarded against eflFectually, hy the circum¬ 
stance that the entrance of the optic nerve takes place at a 
different side of the ams of vision, in each eye (that is, as seen 
in the cuL to the left of it in ftie right eye, n, to the right of 
it in the left eye, l) ; but the rays coming from any object, 
must always strike the retina of each eye on the same side of 


I. 



the axis; therefore, as seen in the cut, when any object is so 
situated as to be opposite the insentient part of the left eye, it 
is sure to be opposite a sentient part of the right. As this 
insentient part, however, is very small, it more frequently 
happens that every ray, from everj’ point of an object, strikes 
at the same time on a sentient part of both eyes. In this case, 
two distinct pictures of the object are produced, yet we know 
that we see the object but as one. How is this to be explained ? 
M. Dufour took the easy method of denying that we do see 
the two pictures at once : the mind, he said, only took notice 
of one at a time, though it might change with great rapidity 
from one to the other. This theory is refuted by a feet 
within everybody’s knowledge: if you look with one eye at 
an object, placed between you and any screen or wall, and 
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then with the other eye^ the object appears to occnpj difEerent 
positions in the wall. Now open both eyes^ and the object 
will no long^ appear in either of the positions pievio^y 
obseryed, bu^n a position between them both: it is evident^ 
then, that we are not attending to the impression on eithetr 
eye, but to the result of the impi’essions on both eyes. This 
is plain, but we are sony to say we cannot give so satas&c- 
toiy an ejcplanatiou of why we see but one object: of course 
there has been no lacb; of theories. One will have it that» as 
both optic nerves meet before entering the brmn, the unity 
is produced at their point of junction; otliers say ^ Ih# 
effect depends upon some law^ of tho constitution, or some 
geneinl principle of vision, which enables us to see the object 
single, independent of any mental impression,’* and this opinmn 
we have given as we find it, though we are utterly at a low 
to see how it can be said to explain anything. There is atUl 
another theory, which seems that most generally followedi 
viz.:—That single sight is the result of experience, and that, at 
first, infants see everytliing double, until the sight is coasted 
by .the touch. It is certainly very hard to offer any proof of 
such an opinion, therefore we do no know that any has beeli 
attempted: persons bom blind, and restored to sight when 
adults, have been questioned as to their sensation, and, though 
it is difficult to obtain anytliing very clear from persons in 
such a situation, it speared tolerably well established that 
they did not see objects double, wliich, so far as it goes, is 
against the last-mentioned theory. Should a person squint, 
accidentally, as occurs sometimes during an attack of fever, 
or commonly when a person gets drunk, and so loses the com¬ 
mand of the muscles which direct the eyes, vision immediately 
becomes double. We can produce tliis effect in ourselves, by 
fixing our eyes on any object, and then, with the finger, gently 
juressing one eye from above, or towards one side, while tho 
other remains fixed: we shall then see the object double. Xq 
all these cases, an interference with the parallel ntotions of the 
eye takes place; in consequence of which, the rays no longer 
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fisdl on coiresponding points in the retina of each. It dppeat^ 
then, that the mind can only notice two impreseions iogetSmr, 
if they be made on corresponding parts of the a^tient sur&ce. 

[|If a ciibe^ or any other solid body, be |mced at a i^ort 
distance before the eyes, two pictnres, perfectly unlike each 
other, will be projected upon the two retinfc, yet but one 
object will be presented to the mind. The object is seen 
singly, because, in consequei^ce of the simultaneous perception 
of the two dissimilar ^pictures, it is seen in relief. To prove 
this, let these two dissimilar pictures of the cube be drawn 
separately: that which is seen by the right eye, the left being 
closed, and that which is perceived by the left, the right being 
^ut. Let these be presented one to each retina, in such a 
manner, that they fall on the same part os the pictures of the 
object itself would, and the mind will perceive the object singly, 
emd in reliefs and no effort of the imagination will induce the 
observer to suppose it to be two pictures on plane surfaces. By 
means of a stereoscope*, whjeh enables the observer to throw 
the artihcial pictures upon the same part of the retina os that 
upon which natural projections of the real object would (pH, 
marbles, architectural models, flowers, aud any solid gi ome- 
trical forms, may be represented in relief. Taken in conjunc¬ 
tion with the known laws of single vision. Sir David Brewster 
says, that these facts explain all those phenomena of vision 
by which philosophers have so long been perplexed: wdiile 
Sir John Herschel cemsiders this discovery “as one of the most 
cuiious and beautiful for its simplicity, in the entire range of 
experimental optics.” After the mention of these illustrious 
men, and adding that the discoverer is an Englishman, we 
need scarcely say that hU name is Professor Wheatstone.] 

In persons who squint habitually therS is not double vision, 
for the habit generaliy results from an inequality in the power 
of the two eyes: that which was weaker, therefore, is turned 
away not to intet^re with the more distuu't impressions re¬ 
ceived from the ether, and by degrees the habit is acquired 


[■* Doxlved from solid, oad ffKwrKw, I Tlctr.] 
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of attending aolely to *111086 latter, so tliat but one object is 
seen. 

There remains another point to be osplainod: on reference 
to the image j^dnced by the glass lens, it will be found to 
be inverted; the same efieet mrust be produced by the lens of 
the eye: how then do we see objects erect? One of the latest 
explanations offered of this, has been Sir Charles Deirs, which, 
as it involves Htile theory, and appears in moi^y respects con-* 
sonant with facts, we shall subjoin. We have already stated 
that he has distinguished frouk general sensibility a perception 
of the state of muscular action or relaxation, which he has, 
with much reason, described as a separate sense* Now the 
eye is directed towards objects by means of four muscles, by 



which it is surrounded, and which are inserted, as we see, into 
its cardinal points. If we suppose our figure to represent the 
left eye, it is evident that it will be directed to an object above 
it, by the superior muscle, a n; to an object below Ji by the 
inferior muscle, ad; to an object on the left hy.the muscle, 
A r, which is to the left of eVs axis, and to .an object on the 
right by a p, which is to the right of its axis, and has its in¬ 
sertion jnst opposite that of a c. Now, in all these cases, we 
judge, with perfect correctness, of the porition of an object 
with respect to ourselves, though it is evident that the image 
of an object above us, is painted on the lower part of the 
retina, or of an object on our right, on the left part of the 
retina. It is clear, then, that we do not judge of the positlox| 
of an object by the position of its image on the retina, bu^ by 
a knowledge of the muscle which is called into action to 

2 o 



direct iho aids of vinon towards that object. Havizig thas 
shown that it is by means of this muscular contraction that 
we judge of the relative position of one object as regards 
another. Sir Charles Bell infers, as a corollary, that the same 
sense enables us to judge of the relative posidon of the dif¬ 
ferent parts of the same object, that is, which of them is top 
and which bottom, and that thus we see an object straight, 
the image of which is inverted, just as we see an object to the 
right, though its image on the retina lies to the left: this we 
believe to be Sir Charles Bell’s meaning % though, with regard 
to this point, he does not speak so clearly as with resect to 
the first. Neither do we consider the explanation equally 
satisfactory: we can very well distinguish the top fix>m 
the bottom of a small object placed below us, though the 
some muscular adjustment enables us to take in both at 
once; consequently we are deprived of that sense which, 
in the other instance, enabled us to correct the position of the 
imago. To us it appears that the whole inqxdiy is rather pre¬ 
mature, and that, until we know how the image acts on the 
retina, so as to produce sight, it is useless to inquire how the 
top and bottom of the image act on the retina, that is, why we 
see the object erect, not inverted. 

There is the less necessity that we should enter minutely 
into the structure of the ear, inasmuch os wo have by no means 
a clear or satisfactory knowledge of the mode in which its 
several parts are subservient to the faculties of hearing. It is 
usually divided into three portions; 1, the external ear, which 
serves as a sort of conduit to the sound; 2, the middle ear, in 
which, it is said, the sound is in some way modified or pre¬ 
pared for striking on,—3, the internal ear, which answers to 
what we have more particularly named the vital part of the 
organ, that in which the nerve is expanded, and in which the 
last corporeal dhonge, necessary to percepUan, takes place. Of 
each these we shall speak hriefiy. The external ear is con- 
stanicted for fhe obYiou£l'’puxpose of coUectmg the rays of sounds 
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whicli, like the rsya of light, tuti^nrmly diverge h;oin a eatitral 
point, and, hkfl them, msy be made to alter their directiko^ or 
be brought to a foens. It Is more nsaa}, however, to speak,of 
sound as propagated by undulations than rays, that is, as de* 
pendent on corpuscles, which vibrate or oscillate within a given 
distance, and so communicate their motion to the next series of 
particles, hut have not thcmi^lves an actual progressive move¬ 
ment. Sound, however, like light, diffuses itself in right lines, 
and may he reflected by bodies which refuse to transmit it • in 
which case, the position and form of the reflecting surfiK^e pro¬ 
duce, on its direction, exactly the same effects as on that of 
rays of light. Thus, if two plane surfaces be Inclined towards 
each other, like the sides of a cone, and the wide end be now 
turned towards a sonnding body, it is evident that a great 
number of rays entering it will, by reflection, be made to reach 
its apex, and so produce a more forcible impression upon any 
vibrating body placed there, tbon if it had simply been exposed 
to their effects. Thus let c c be a cone, which has its point 



cut off, and a vibrating membrane, tn, inserted at its lesser ex¬ 
tremity. Let r / B r' r" r" be sonorous rays, coming from a 
vibrating body, placed at some distance from the membrane, 
but nearly in the same horizontal line, in which case we may 
consider them as being nearly parallel to the axis of the cone* 
It is evident that, were the cone removed, no rays could reach 
m, but such as lay between b and b' ; but the presence of the 
cone causes all the other rays, r / r" r'\ to reach the mem¬ 
brane after a certain number of reflections; consequwitly, were 
the membrane connected with a sentient oigan, the impressioD 
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made on it would, by these means, be consideicddy inomased. 
Ihis is the piindple attended to in oonstruding eaMnimpeti^ 
which we know am dways of a funnel shape, and this 
Is the principle exemplified in constructing the external 
part of the human ear, where, in addition to the conical tube, 
termed aud^urp passage, we find a still further means em¬ 
ployed, for concentrating sound, in the broad elastic cartilage, 
hollowed out into different sinuosities or concavities, all inclin¬ 
ing towards the common opening, which is attached round the 
wide end of the cone. 

Tliis may be seen, in the accompany¬ 
ing cut, where e is the external cartilage, 
commonly called the external ear, and c 
the cono or auditory passage, through 
which the sound is reflected in; and it is 
in this passage that the wax of the ear is 
formed, which, with the fine hairs that 
grow round its entrance, seems destined to 
prevent the entrance of minute insects, or 
other offending bodies. At the end of 
this passage, is really placed a membrane 
feimilar to that which we have above supposed to be placed at 
the summit of our cone, and at this membrane terminates the 
external part of the ear, while the little cavitv beyond it, com¬ 
monly known by the name of the drum of the ear, constitutes 
its second or middle portion. And this cavity is, in some 
respects, not unlike a drum: it hea at one end the membrane 
we have described, which may be compared to the drum-head, 
and is usually called fncmhrana tgmpani, though in common 
conversation, it is not nntrequently spoken of os being itself 
the drum. But this Is incorrect; the drum is the cavity be¬ 
yond it, and when people talk about liaving ibe drum of the 
ear broken, they really mean a rupture of this membrane. The 
other side of the drum has another membrane, and this serves 
to form the partition between the middle and internal ear^ 
which U situated yet deeper. But here occurs a very nice and 
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aceimte of ^semblance: a drum would give but a.Tfxy 
&int soimd,unle9»an aperture were left in its side,through whifi|i 
the vibrations might be communicated &om the air within, to 
the exterior air, such an aperture, therefore, Is constantly left; 
and in like manner the side of the drum of the ear is perforated 
by a long tube, called tlie Eustachian tube, which coming from 
the upper paii; of the phafynXy just behind the mouth, affords 
a free passage for air into the cavity of the drum, and so allows 
its membranes to vibrate, and tlio impression to be transmitted 
to the internal, or properly sentient part. The existence of this 
passage is curiously exemplihed in persons who have had the 
mcTnbrana tympani ruptured, os such persons can cause stroke, 
which they have inhaled witli their mouths, to pass out thrqugh 
their ears, for which purpose it is only necessary to alio# it to 
reach the back of the throat (without swallowing it), whexi it 
will pass through the Eustachian tubes into the drum, and 
then out through the ruptured membrane, with as much ease 
as, in ordinary cases, it is passed through the nostrils: a feat 
wdiich almost every habitual smoker is able to perform. The 
dcofiiebs accompanying a cold and sore throat is another proof 
of the existence and use of tliesc parts, as it merely arises from 
the infldiumution stopping up the entrance of the tubes, and so 
preventing the entrance or exit of air from the drum of the 
ear, in consequence of which its membranes can no longer 
vibrate to slight noises. The drum of the ear, however, has 
superadded a distinct structure, such os hnds no parallel in any 
common drum. This is a hue chain of very minute bones, 
continued from one of its membranes to the other, and so 
arranged as to increase in strength the vibrations which they 
transmit inwards. 'I'licse bones are further supplied with veiy 
minute muscles, by wliich the memhrana tympani can be tight* 
ened or relaxed, so as (it is supposed) to accommodate itself to 
sounds of different degi'ces of intensity. Finally, the object of 
all this apparatus is to convey the impression to the internal 
car or lahyrinthy which consists of three parts, the 
cocJUeay and gmi-aiycuUir camlsy all hollowed out of the hardest 
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bone in the body, cdl eompletely shut out &om oommunioatioq 
with the external air, but containing in its plskoe bags or tubes^ 
filled with a fine limpid fluid, which is set in motion by the 
slightest vilnation, and lies in contact with the delicate eiqpan- 
Bions of the aowustic nerve, to which the sense of such vibia- 
tione is thus Immediately communicated. It would be useless 
to expatiato on the structure of these parts, as we are perfectly 
ignorant of the mode in which they ore subservient to the 
iaculty of hearing, or whether, is probable, they each per¬ 
form a separate function. It has been suggested that the ves- 
tibukf which appears the simplest part of the internal eor, may 
be for taking notice of simple sound ; tbat the semi-circular 
canals may serve for the perception of melody, that is, an un¬ 
accompanied musical strain; and the cochlea for appreciating 
harmony, that is, the more complicated music of an orchestra : 
this is all very posable, but w'o have not the slightest proof 
that it is true. 


Chaptbb XII. 

OF MAN, AND THE VARIETIES OF TEE HUMAN 

SPECIES. 

We have thus tdeen a survey of the principal oigans of which 
the human frame is built up ; we have considered its struc¬ 
ture, and seen that it is fearfully and wonderfully made; we 
have examined the various contrivan('es by which nutriment is 
introduced, ptuified, distributed, returned w'hen exliausted, 
and again espeUed ; we have noticed the wonderful aj^paratus 
by which we arc rendered capable of acquiring sensations fr<»n 
external bodies, and the nervous centre to which these all are 
referred, and which alone enables us to know and judge of the 
impreaeiona thus produced : it only remains to the completion 
«f our present task, that we should say a few words of man as 
he exists; and inquire whether the various appearances under 
whicb he is found in different countries, are such as may admit 
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of explaostion, cm the theoij of sameness of species 
the influence of aeoidental dmunstsuces, of wlifither we shall 
he obliged to bold, wkh certain phyuologiste, chiefly of the 
French school, that there was no original MmdtuU nytn 
ated, but a number of men, either at the same^ or at diflerent 
times, speciflcally distinct &om each other, ttod hequeathiag 
this distinctness of species to their posterity. 

Man is distinguished from all other aTunuds by many and 
im]>ortant characters. Destined to rule over “ every beast of 
the earth, and every bird of the air,*' yet infmor to many of 
tliem in size, in strength, in velocity, and eren, apparently, in 
instinct, there remained hut one means for enabling him to 
assert his superiority, and that was to endow him with reason. 
This has taught him to subdue force by stratagem, and i>ower 
by craft; to shelter liimseif &om dangers which lie could not 
overcome, and evade attacks which he could not repeL This 
lias cau&ed the untutored savage to ])rcp£U’e the pitfldl, to lay 
the snare, to bait the trap, to construct the canoe, or sliape out 
the arrow, the speai*, and the Low. for these things two 
promions were necossaiy, the mind to contrive, and the skill 
to execute; the former finds its corresponding oigauization in 
the large, the complicate*!, and the weighty bram; the latter 
in the hand,—an organ so exquisitely finished, so admirably 
adapted for working out the most ingenious devices, thft^ Heh- 
veiius was inclined to look on it alone as sufficient to account 
for uuui's superiority over other animals. 

Now, firom these two necessaiy peculiarities of stmetuze, 
flow two of man’s most characteristic distinctions: he must ho 
erect,—and capable of using his two anterior eactremities^ os 
hands ; erect, because the weight of his brain and skull would, 
if he assumed a horizontal portion, be constantly weighing 
down, and wearying his neck, while the blood, rushing with 
unchecked force, would render him constantly liable to head¬ 
aches, vertigoes, and apoplexies; caimble of usi&g his two 
anterior extremities os hands, for, were they employed as feet» 
their fine sense of touch would soon be lost, the skin, thick- 
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ened and hardened^ would be deprived of its delicacy of feed¬ 
ing, the fingers, swollen a;id stiffened, would want their easy 
pliancy and flexibility, and could no longer adapt themselves 
te any tasks ]:ieq[uiring neatness or care. We thus see that 
man was destined by his constitution to be an intelleotual 
animal, upright in position, and furnished with two hands and 
two feet, and this enables us at once to search out his mo^ 
important characters, and embody them, if required, in a defi¬ 
nition. In fact, fix)m these flow almost eveiy other peculiarity 
of his structure. 

In other auimals, the hole through which the spinal 
morrow passes out from the skull, is nearly opposite the 
face or jaws, and the weight of the skull is, in a great measure, 
sustained by a ligament (the ligamentum ntKhcs), which we 
have already described: in man, the hole is in the centre of 
the base of the skull, which is thus nearly balanced on the 
vertebral column, and needs no ligament for its support, con¬ 
sequently there is no ligament, or merely a vestige of what 
may be considered as such. In animals, also, the blood rush¬ 
ing to tlie head, which is so pften lower than the heart (as 
when a cow is grazing), would come with a fearful power were 
not its course delayed by a beautiful and wonderful contrivance, 
to which there is no parallel in man, because liis head is not 
intended to be intliat position. The contrivance is the sudden 
breaking up of the internal carotid arteries, just before they 
enter the brain, into a perfect network of little vessels, through 
all which the blood must pass, to be again collected before it 
can reach the brain. The force of the heart is thus entirely 
broken; but in man the blood has to rise against its own 
own gravity, which sufficiently answers the puqDose. Again, 
animals that are to li^e on flesh, are provided with fangs, or 
be^s and talons: man has no fangs and no talons, but he has 
the mind to devise implements of destruction, and the skill to 
construct them. Endowed with the moral sentiment, with 
feelings of delicacy, man naturally seeks to cover himself with 
dress, and this is more than a counterbalance to the want of 



VARlStlES 07 THE HUMAN SPEaEB. ^93 

feathers or fur, 'which besides 'would so conddeiahly bbmt the 
fineness of his sensations. In the same way we could proceed 
to account for the length of his heel-bone, the form of the 
foot, the muscular swelling of the calves and buttocks, the 
form and direction of the pelvis, and many other circtun-r 
stances in which he difiers from all other animals, bdt as this 
is a subject presenting very little doubt, let us rather turn tp 
consider those points in which men differ when compared 
amongst themselves. 

Zoologists have much disputed whether mankind are to be 
considered as ihrming one genus with several subordinate 
epedes, or one species with several mrteties. Either hyj^thesis 
will servo to explain the numerous differences which we every¬ 
where meet with, in size, colour of skin and eyes, natui'e and 
colour of hair, generfd form, &c.; but, according to the former, 
a creation of several original pairs, endowed each with the 
peculiarities which characterize their descendants, becomes 
necessary; while, according to the latter, a single pair will 
suffice, and then zoological deduction will coincide with what 
ajjpears to be declared in the Mosme narrative. Many circum¬ 
stances tend to favour the prevalence of the first opinion. We 
compare the delicately lair Caucasian with the intensely black 
Negro of Guinea, the giant Patagonian with the dwarf 
Laplander, the long-haired Greek with the woolly-headed 
Hottentot, the oval-faced European with the broad imd flat¬ 
faced Mongolian; we find it difficult to account for such wide 
deviations from a common stock, and we indulge our indo¬ 
lence, and save ourselves the mortifying confession of our 
ignorance, by saying they had each their own stock. The 
same explanation is of equal use in accounting for the mode 
by which distant islands, difficult of access, became peopled 
with inhabitants, too numerous to allow of the supposition of 
their recent importation, and too barbarous to admit of attri¬ 
buting to them any further skill in navigation, than consisted 
in the management of a wretched canoe. If we suppose theni 
to have been created on the soil where they were discovered. 
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we at once r^re ouTielTee from the trouble of framing aa 
hypothesis regarding their immigraticm, and spare oirrselTes 
all attempts of txadng analogies with known tongues in their 
language, which, perhaps, is truly and radically distinct, A 
&rther difficulty is also thus oTercome, w'e should rather say 
B7oidedf''aad it is one which, in an d prityri aigument, would 
neoeEsiarily be of comdderable weight. It is this: we leam 
h?Qm historical records, firom sepulchral tablets, and from the 
figures in the Egyptian temples—^too accurately delineated and 
coloured, and too well preserved, to admit of doubt—^tliat, at a 
period of remote antiq^uity^ races of men exiisted, os distinct 
horn each other as they are at the present day, consequently 
such varieties must have had their origin previous to this 
time, that is, say, in the thousand years, or thereabouts, tlmt 
intervened between it and the deluge; but man was then 
nearly in a state of nature, and much less subject to the nu« 
merous modifying circumstances which might he supposed to 
give rise to \'a 2 ieties, than he has been for the last three thou¬ 
sand years: during which, however, no one has ever seen the 
origin of a new variety. We think we shall be allowed to 
have stated, in its full force, this objection to the theory which 
we mean to adopt, and we shall take an opportunity of return¬ 
ing to it wh«i we have developed the larue grounds on which 
the question should be aigued. We think, also, tliat we have 
ekowu sufficient reason why the theory of a plurality of 
species, so gratifying at once to our vanity and our indolence^ 
should have found such numerous suppoiters; nor need we 
woiuier, from its very obvious nature, that a writer, at all times 
moEre distinguished fox brilliancy than depth, should be found 
to assert, “ II n'est pennis qu’i\ un aveugle de douter que les 
blancs, les JJegres, les Albinos, les Hottentots, Ics Lappons, les 
Chinois, les Americains, soient des races eutierement dif- 
fgrentes.” 

The question, however, is not to be decided by declama* 
tion; it is simply, as we view it, one of zoolo^al science, and 
resolves itself into tliis:—Are the differences between the in- 
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Imbitants of TsrioitB countries and climates so great aa io 
Tender it ixnposrible they should be of the same species? And» 
of course, the first step towards our answer must be riie do* 
dding what is meant by a species. 

By species, then, we mean all those individuals descended 
from a common origin; and if there be a doubt as to'Vhethar 
an individual does or does not belong to a species, we compare 
it with the individuals known to be of that species, and 
ascertain whether it is marked by any more decided particu¬ 
larity than those by which they are distinguished the one 
from the other. If it be, we conclude it of a difiFerent species, 
and assign it a different origin; if not, we look upon it as a 
iDorieft/ of that species, assign it the same origin, and term its 
particular characters accidental. 

This is our idea of species, and of the critmon by which it 
may he decided; several others have been proposed. 

The following is John Hunter’s;—^*‘81 duo qtuelibet 
animalia, quibus inter se similitudo non ita perfecta est, ut per 
certo eidem speciei adjudices; prolem tamen alterutri parentL 
aut jam similem, aut aliqitando/kewram, procreent; turn quan¬ 
tum inter sc difierant, ilia ejusdem tamen speciei esse habenda 
sunt:’’ which he illustrates thus. Of all that bear the human 
name select a male and female the most unlike possible, say a 
Congo black and a fair Circassian; suppose that from their 
union spring a male and female child, and that the fcamer of 
these intermarries with the father’s race, the latter with the 
mother’s; if then, after some generations, the offspring of the 
male child resemble the father in everything, and the ofepring 
of the female the mother, then it follo'ws that the parents were 
of the same species. But that such will be the case is proved 
by the results of intermarriages between blacks asnd"^ 
whites. 

This appears to us unsatisfactory: the canary, it is well 
known, will breed with different birds of the finch tribe, tlieir 
ofispring is prolific, and there can. be no doubt Uiat if mated 
only with birds of either femily, all trace of the other would 
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be obliterated after a few generations, probably as soon as trBcei 
of black blood are lost by the descendants of a Mulatto. l!ho 
same circnmstance is known to occur in the production of 
Hybrid plants. 

Still less can we admit the criterion proposed by Ray, and 
supported by Buifon, that all those animals 'which breed toge* 
tlier, and produce a prolific offspring, are of the same species; 
though, could we adopt it, our own views would be at once 
proved, for all varieties of the human kind come within the 
law. But, as Mr, Lawrence observes, the rule involves a petitio 
principii. It is true, that in general, mules, produced between 
a horse and an ass, are incapable of procreating, and thence lias 
come the popular generalization, that no hybrid can breed. 
But to this, numerous exceptions are now known; the mule 
itself has at times broken through the rule; and Aiistotle 
mentions instances in which a mule had engendered with a 
mare, and the less dubious case, in which the she-mule had 
conceived. The he-goat breeds with the ewe, and their off¬ 
spring is prolific: the case of the canary-bird and goldfinch 
has been already mentioned; the common cock will breed with 
the hen-partridge, or the cock-pheasant with the common hen; 
and, according to Pallas, the Chinese goose copulates readily, 
in Russia, with the common goose, and produces a hybrid, but 
perfectly prolific offspring i “ the race soon returning to the 
characters of the common goose, unless crossed again with the 
Chinese species.” 

This criterion, then, being quite untenable. Doctor Prichard 
has proposed another mode of determining the identity or di¬ 
versity of species; viz., “ by referring to the principal laws of 
the animal economyand this, as being a physiological test, 
and having its basis in the operations of nature, we sliould wil¬ 
lingly embrace, but for the very limited extent of our ac¬ 
quaintance with those laws, and our consequent ignorance 
hbw far they may admit of modification. Thus, Doctor 
Prichard assumes as one of his examples, the period of utero- 
gCstation, and firom the fact, as stated by Buffon, that the wolf 
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goea witk youag more tlian one hundred days, while the bitch 
is feown to cany hers but sixty-two or sixty-three, gives itae 
his decided opinicm that they are of different species; though^ 
from such tests as those before mentioned, John Hunter, axid 
several other excellent physiologists, were inclined to consider 
them as of the same. But though, in the human kind, >ve 
know the general law which coniines the child to the womb 
for a period of nine months, we also know that this period 
may be considerably anticipated; but, os we do not know the 
cause of the general law, so neither can we tell the extent to 
which it will admit of particular exceptions; such exceptions, 
therefore, may be but accidental; and we liave already shown 
tliat accidental peculiarities do not constitute species but va¬ 
rieties. Doctor Prichard seems to us still less happy, when he 
assumes, as a standard, the common liability to certain dii^ases. 
It is certainly true that the small-pox has raged in every 
climate, and amongst every race; and, before this dreadful 
scouige, all have confessed their common huinanity: but it is 
also true that apes, inoculated with it, Jiave sliown regular 
pustules; the vaccine disease, none can doubt, we share with 
cows; itch and other cutaneous maladies seem common to us 
with inferior animals, and a late but terrible experience, has 
fully proved that glanders can be communicated from the horse. 
It is singular that this very test, which Prichard chose as 
establishing the variety of the human species, should have 
been selected by others for disproving it. Virey alludes to the 
frequency of yaiiff among the Negroes, while they are seldom 
known to attack whites, and the latter suffer dreadfully under 
yellow fever, from which the former are comparatively exempt. 
Other authors have attempted to show that the species of louse 
found on the Negro, differs generically from the parasitical 
insect of white men; and Rudolphi has extended the argument 
to the worms by which their bodies are infested: ‘‘ Tosnid lata, 
L.,*’ he says, “ is found in the bodies of the Russians, neigh¬ 
bouring Prassians, and Swiss, while in the other Buropeans^ and 
the Greeks gener^y, Tesnia soliam prevails. 1 have only seen 
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one example, in a jour^ femdle, wh^ botb. of tbeee presented 
at the same time, but it is probable that this person we# of 
mixed descent]*^ The idea of xn^i^ this a standard of 
^>eeies is certednly not a little amusing, when we recollect that 
the Asearia Imabn&fides^ L., is to he found without any sensible 
difference, in the intestines of man, horse, zebra, ass, mule, ox, 
and hog. 

We shall only mention one more—that proposed hy M. 
Cuvier, in the Preliminary Discourse to his Oaaemens FossHea, 
** Generation,” he says, “ bdng the only means of ascertaining 
the limits to which voneties Jan extend, we should define 
species to be the assemblage ofnidividuals descended one from 
the other, or from common parents, and of those who resemble 
them as stroi^ly as they do each other.” This definition, M. 
Desmoulins pronounces false, for the following reason. The 
American bison is clearly a distinct species from the European 
domestic ox, as is evinced by the difference in figure, the shape 
of the head and cranium, &c., as well as by its possessing two 
additional ribs on each side. But a great part of the black 
cattle, to be found in the states of the American confedracy, 
at the other side of the Alleghany, is the hybrid breed, l>e- 
tween the European cattle and these bisons. “ These hybrids,” 
says M. Desmoulins, “ form r^dly a new species.” To this we 
can by no means assent, as it would go to prove every produc¬ 
tive cross a new species, a doctrine perfectly monstrous; Ijiad 
M. Desmoulins said that such hybrids, if bred previous to omr 
knowledge, and since propagated by direct descent, would now 
be prolwibly ranked as a new species, he would have been right; 
but he would have been assuming a case which he knew did 
not, and we may say could not, occur; such crosses are arti¬ 
ficial, they occur only iu animals under subjection to man, 
and are not known to occur in a state of nature, where there 
Beems to be an instinctive aversion to all intermixture of 
species; they cannot, therefore, with any show of fairness, be 
Introduced into a dilute regarding the original and natural 
distinctness of rtpecies. But M. Desmoulins’ own test, *^the 
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permaaaenee of type under difTerent cimtmstanees,’* cannot be 
admitted as sufficient, when we see the red eye invariably 
accompanying the white skin, in the lenceethiopic race of ial^> 
bits, mice, &c., which we can show to be but a variety, or the 
universal prevalence of black hair on the swine of a certain 
district, or the nnifotmity of colour, mentioned by D^Azara, 
as marking the numerous troops of horses, now running wild 
On the spacious South American Pampas, which, nevertheless, 
all owe their origin to those originally imported by the Spa¬ 
niards, In truth, M. Desmoulins, though nominally one of 
the most violent oppoeers of ti^e unity of the human species, 
is really not a direct contradictor of our views. He denies 
that species can be formed by the influence of climate, but 
asserts they may originate by generation; tliis is nearly what 
we hold rebjHJcting varieties; the dispute, then, resolves itself 
into one abont words,—w^hat we call varieties he calls species, 
and admits they may liavo a common origin. 

We therefore return to the definition with which we set 
out; we consider oU descended from common parents, as being 
of the same species; and wc accept Blumenbach’s teat of ana¬ 
logy, and judge of the extent of variety which may occur, by 
a comparison with that which has occurred. 

Our next step shall he to state, as briefly as possible, the 
most striking differences observed in the human species, for 
which purjwse we shall arrange them under the five heads 
originally proposed by Blumenbach, and since generally re¬ 
ceived. We shall then apply our tost, and show that greater 
differences have, to our knowledge, arisen in individuals 
allowed to be of the same species; and, lastly, shall consider 
the causes to which the origin of varieties may be referred* 

1. At the head of the human kind stands the Caucasian 
race, distinguished for pre-eminent grace and beauty of figure* 
The face is oval, the skin fair, inclining to brown, deepening 
in sliade as the exposure to sun and climate becomes greater, 
yet generally permitting the blood to be seen through the skin 
in the cheel^ and at the lips. The hair of the scalp and the 
beard is abundant, soft, long, and flowing in undulations, more 
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or less approaching to curls. In colour, it may he described as 
brownish, deviating, on the one side, through auburn, red, and 
yellow, to a delicate flaxen colour ; on the other, through dif¬ 
ferent degrees of intensity, until it becomes a clear and glossy 
black. The forehead is high and expanded; tho features 
moderately distinct; the nose narrow and str^ht, or inclining 
to aquiline ; the cheek-bones not in general prominent; the 
mouth small; the lips, particularly the lower one, slightly 
turned outwards; the teeth perpendicular in each jaw, and the 
chill full and rounded. 

The head is of a symmetric^ appearance, nearly globular ; 
this character is particularly observable in tho Turks. The 
general outline of the figure is free and flowing, the port erect, 
the back part of the head rather projects, so as to cause a curve 
in at the neck, the lower extremities are straight and well- 
jilaced under the body, the sole of the foot lies nearly smooth 
on tho ground, not resting, as in monkeys, on its outer edge, 
and the swell of the calf is gradual, and at some distance be¬ 
neath the knee. The facial angle is more open in this than in 
any other variety; though in this point much difterence exists 
from the ideal forms of Grecian beauty, in which the angle 
approxinjates a right angle, the forehead being thus perjiendi- 
cular over the face, to the sloping forehead of the Pole repre¬ 
sented in Blumenhach’s Decades Cranionim (iii. 23), and in 
which the angle is identically the same with that of a Negro’s 
head, wliich he has also represented (ii. 10). We may hero 
observe, en passanty upon the total and evident insufficiency 
of so constantly varying a mark for the establishment of any 
original difference between races of mankind ; yet this is the 
character upon which M. Vircy chooses to divide them into 
two distinct species, which he again subdivides into races dis¬ 
tinguished by their colour, os follows: 


8pec*B$. 


Jtaee- 


Families, 


1. Faeisl angle 85 to 90 
degrees* 


1. Whit©. 

2 . Tawny or yellow , 
3 Coppeivcolour . . 


< Arobo-Indian. 

( Coltic and Canoasten. 
(Chlnoae. 

i Kalmnok-MongoUan. 
l LaponO'Oitlaok. 
America-, or Corib. 
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Speciet^ Race* JFam,iHes. - . 

4. Deep-brown . . • Malay or Polyneda^. 

il. Facial ang^ 7ft to ^ A Black . 

8ft degreoo. ^ 

Ga BlaokiBli p * • • 

It is evident our Pole ^ once destroys this 4istinctlon, as 
according to it he would have been of the second species, while 
his father or brother, or 'any more fortunate inember of the 
family would liavc belonged to the first. And this, in feet, is 
the strong point, firom which we must ultimately admit the 
unity of the human species, tliat you cmt take no mark so de¬ 
cided, that will not occaskmaUy be found occurring in some of 
the other divisions: for by such insensible gradations do they 
nm together, that though the extremes seem remote, the in¬ 
termediate steps are as nothing. We proceed from change to 
change, scarcely knowing how we advance; the fugitive cha¬ 
racter still eluding our grasp, and refusing to exhibit any stable¬ 
ness or fixity, till at last we join in the conclusion of one whose 
best attention has long been given to the subject, and who de¬ 
clares, that so tar from finding mankind to consist of different 
species, he has become totally unable to discover any decided 
grounds for distinguishing them into varieties. 

To revert, however, to our Caucasian race, of which we 
have noted the prominent physical characters; they are -no 
lesi^Hlistinguished for moral endowments. Amongst them civij- 
lization probably origina, ^d, as amongst them it certainly 
attained its greatest perfect^^. Whatever may have been the 
colour of the ancient Egyptu is, tlie form of their skull clearly 
indicates them to have been ot this variety. This it is which 
has produced the greatest men in every art and science ; legis* 
lators, poets, painters, astronomers, divines, physicians, natu¬ 
ralists, all have appeared most pre-eminent amongst thb 
nations belonging to this race. Its chai-acters are pretty widdy 
extended: in Europe they ai’e universal, if we except the Lap¬ 
landers and some of the Hungarians, tribes who seem rather to 
belong to onr second division. In Asia they are found stretch¬ 
ing, even to the west banks of the Granges, through Turks, 

2 D 


Coffer, 

Negro. 

Hottentot. 

Papuan. 
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Syrians, Armemaos^ Georgians, Circassians, Jews, Mingre- 
lians, Fersiaiui, Arabs, and Hindoos of kigk caste. In 
Africa tkey may be traced in the Moors, the Berbers, 
some of whom, as represented by M. Bozet, present a 
physiognomy perfectly Boman, in the white and yellow- 
haired tribes of Mount Aui'ess, described by Shaw and 
Bruce, in the Egyptians, the wandering tribes of the desert, 
md at the extreme west, in the mummies of the Guanches, ov 
former inhabitants of the Canary isles. In America we cannot 
say that any of the race exist, except as descended &om 
European colonists. The tribes termed indigenous agree 
amongst themselves in characters sufficiently numerous to 
form them into a distinct variety, of which we shall speak 
hereafter. We only doubt whether the Incas, “the goldenr 
haired children of the sun,” can be considered as belonging to 
to it; but our information respecting them is far too limited 
to allow of even a probability being attained on this point: 
Dr. Prichard suggests tliat they may have been a family of the 
original Asiatic immigration, who, from some peculiarity of 
custom or situation, preserved their ancient manners and civi- 
li^tion, by means of which they were enabled to become tho 
legislators of the rest, w*ho, spreading more widely through 
inmieuso uncultivated tracts, soon degenerated into all the 
habits of barbarous life. § 

2. The second great variety of the human species, termed 
Mongolian, extends over all the eastern and northern parts of 
Asia, the north of America, and embraces those European 
tribes, the Laplanders, Hungarians, &c., excluded from the 
£rst. In all these the head presents a square and flattened 
appearance, as though the globular Caucasian head had been 
depressed, and the face widened and dilated. The general 
complexion is yellow or olive, “ a middle tint,” as Mr. Law¬ 
rence says, “ between ripe wheat and boiled quince, or dried 
lemon-peel.” In many of them it is by no means darker than 
in several of the foregoing race, particularly when embrowned 
by exposure, yet it effectually conceals the rush of Mood to 
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the cheek; the becoming blush seems the pecnHar privile^ cf 
the Caucasiaa tribes, though it has been distinguished in u 
d^;ziee in young and delicate females of the Toiu][uinee 0 
by Damper, of the Esquimaux by Chappell, of the Otaheiteai^ 
by Forster, and even of the Negro race by Goolberry. The 
hair in the Mongolians is black, straight, thin, and stiff; many 
of them shave it, leaviii^ a i^gle lock, as may be seen ia repre¬ 
sentations of the Chinese; the beard is scanty, and generally 
eradicated. The general contour of the &ce is square, and the 
features seem, as it were, pressed into it. The forehead is low 
end slantii^, the superciliary ridges scarcely exist, the space 
between the eyes is wide and flat, the eyes of a black-brown 
colour, narrow, linear, and drawn upwards towards their outer 
angle; the cheek-bones project literally; the nose is flattened 
in, particularly at the root, and the nostrils are very open; the 
upper jaw is flat and wide, the teeth straggling, the chin shorty 
and not retreating. In general form of body the Mongolian i% 
at least to our eyes, by no means so graceful as the Caucasimi* 
The trunk is large, square, and massive; the extremities thick^ 
sliort, and muscular; the whole is constructed rather fop 
strength than agility, and the average height is inferior to ours* 
Under this head have been assembled the inliabitants of China, 
Japan, Tonquin, Cochin-China, the Burmese, and other terri¬ 
tories east of the Ganges ; of Thibet and Boodhtan, tlie nomad 
hordes of central and northern Asia, the Finnish rac^, already 
alluded to, of the north of Europe, and the Esqubnanx of this 
northern parts of America, extending from Behring’s Straits to 
the extremity of Greenland. Amongst these people, however, 
innumerable differences are to be found, insomuch tliat Dr* 
Pricliard quite rejects the idea of uniting them under one 
common name, and there certamly appears sufficient reason 
for admittmg, at least M. Virey’s subdivision, into three prin¬ 
cipal families, the rude wandering hordes of the elevated ground 
in central Asia, verging on one side into the more cultivated 
and civilized nations between the Gang% and the sea, where 
this variety appears to have leached its utmost perfectloiif 

2 d2 
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though, still % from rivaUing the Caucasian^ and, on the 
other, into those stunted and diminutive tribes, the Esquimaux^ 
the Samoledesi, the Ostiacks, the Laplanders, and others sur¬ 
rounding the Arctic Pole. 

0. We could suppose a skull, such as we have described the 
Mongolian, to be formed from a Caucasian by depression; but 
compression as well os depression would be required to produce 
our third variety, the Ethiopian, including, we may say, all 
the African tribes not referred to the first division, and who. 

If- 

from their prevalent complexion, are known hy the common 
appellation of Negroes, or Blacks. In this variety we generally 
find a predominance of the sensual over the intellectual deve- 
lopement. The senses are all of extreme acuteness, and the 
face seems to be moulded, so as to afford their organs as muck 
size and prominence as possible. The eyes are brought to the 
surface of the head, the nostrils enlarged, the mouth protu¬ 
berant, the teeth strong, the jaws powerful, the temporal 
muscles by which these arc moved enlarged, and occupying a 
considerable extent on each side of the skull, which seems as 
if it were flattened and narrowed between them. The hair is 
short, crisp, and woolly, and, as well as the eye, of a black 
colour. The cheek-bones are prominent, the jaws projecting, 
the nose broad, thick, flat, and confused with the surrounding 
paiis, the Ups, and particularly the upper one, are thick, the 
upper front teeth are oblique, the chin retreating. The head 
, is altogether of an elongated form from front to rear, where is 
placed its principal bulk. The occipital foramen is situated so 
fax back, that tliere is scarcely any bend in at the neck, which 
forms almost a straight line from the head to the back. The 
general figure is less graceful and erect than in the Caucasian, 
the knees are gei^rolly turned in, the calf is smaU, and situated 
immediately below the knee, the sole of the foot rests more on 
its outer edge than in u^ the head is elongated, and the leg is 
not well straightened in progression. 

There are, doubtless, many points in which the Negro 
differs from the Caucasian, and in most of which he more 
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nearly approaches the monkey-tribe. This Fact has been seized 
on by persons who have considered it a reason for either de¬ 
pressing the Negro-race to an affinity with monkeys, or raising 
those latter to the rank of men. But a moment’s cohsideratioh 
would have shown the trifling importance of the fact upon 
wliich they build such grave conclusions: if there b to be a 
variety in the 'formation of mankind, some must resemble 
monkeys more than others; hut this is no proof of anji;hing 
like an approximation of species; “some pigs,” says Mr. 
Lawrence, “ have solid hoofs, and in so far approach the struc¬ 
ture of the horse, hut do we on that account suppose that the 
nature of the animal in general is less porcine, or more like 
that of the horse, than that of other pigs V* The Negroes are 
in fact, “ children of a larger growth we perceive in them 
the same volatility, the same restlessness, the same impatience 
of restraint, the same attention to objects which strike their 
senses, the same fickleness of will, the same want of determi¬ 
nate aim or purpose. The reflecting powers seem dormant or 
little exercised, the moral sense is weak and obscure, the ani¬ 
mal propensities alone seem to have reached maturity; and 
under their unchained influence, tlie Negro is capable of the 
warmest attachments, the bitterest enmities, and the most 
horrible revenge. A nation of civilized Negroes is a phanome- 
non unknown; in vain will you search amongst them for 
elevated flights of imagination, profound investigations of the 
laws of nature, or just views of human responsibility; no 
W'oolly-headed race has ever produced even a great conqueroi^ 
perhaps the least honourable path that leads to human distinc¬ 
tion. Blumenbach has taken pains to collect some examples 
of natural talent amongst Negroes, and instances some who 
have succeeded as painters, poets, musicians, and divines. 
These are, however, only individual cases, the general charac¬ 
ter accords with that we have sketched—and may be applied^ 
with but few exceptions, to the African nations living along 
the coasts of Guinea, Benin, Angola, Loango, -&c., or gene¬ 
rally, to all south of the Atlas mountains. 
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'Hiese are tlie three* principal varieties of the human 
kind, and with them Cuvier declares himself satisfied; though 
he allows it is difficult to reduce the Malays or the Ameiicanff 
to any one of these precisely. Still he Eiuggests they may be 
sorts of transition Varieties,—^the Malays between the Mcmgo- 
Han Chinese on the one side, and the Caucasian Hindoos on the 
other; the Papuans, a cross on some Negroes who had found 
their way to the Indian seas; while for the Americans, related 
to the Mongolians by their black hair and scanty beard, and 
to us by the distinctness and prominence of their features^ 
he declares he can find no chapter sufficiently decided and 
important to warrant him in constituting them “distinct 
varieties.” 

We shall, how'ever, for the sake of more clearly stating 
the prominent difference observable in mankind, retain the 
remaining varieties, as established by Blumenbacli, under the 
names of American and Malay. 

4. Through the entire of the new world, if wc except the 
regions bordering on the Arctic circle, there exists a wonderful 
uniformity of personal app^rance. “The Indians of New 
Spain,” says Baron Humboldt, “bear a gener^ reBerabkince 
to those who inhabit Canada, Florida, Peru, and BraTal. 
They have the same swarthy and copper-colour, straight and 
smooth hair, small hewrd, squat body, long eye, 'iHth the comer 
directed upwards towards the temples, prominent cfieekdxmes, 
thick lips, expression of gentleness in the month, strongly 
contrasted with a gloomy and severe look.” “ Over a mil¬ 
lion and a half of square leagues,” adds M. Volney, “ from 
Tieira del Fuego to the river St. Lawrence, and Behring's 
Slauits, we are struck at the first glance with the general 
T^iemblance in the features of the inhabitants; we think that 

^ Descended* it hoe been supposed, from the three sons of Noah; Japheth 
iKfng the progenitor oi the Caucasian or European tribes; Shem, of the Mongo¬ 
lian or Asiatic ; and Ham, of the Negro or African. The original affinities of 
the various languages spoken amongst these great subdivisions have been 
brought in support of this idea. Much curious information, tending to throw 
light on the questiua, may be found in Adelung, Voter, and Priohard. 
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we perceive them all to be descended firom the same stocky 
natwithstmiding the prodigious diversity of languages which 
separates them one from another.” The traits mentloaed 
above, particularly those marked in italics, con leave little 
doubt as to that stock being the Mongolian, to which, if we 
add the consideration of their relative geographical situations^ 
of the narrow strait which separates north Asia from the 
shores of the new world, of the evidence that in former times, 
tliis distance was still less, or perhaps tliat on actual junction 
existed, or at least, that islands* studded the strait, the pas¬ 
sage from one to the other of which, even in the rudest canoe 
or raft, must have been perfectly easy; if, further, we take 
into account the analogies which American languages furnish 
with those spoken in northern Asia, the similarity even in 
certain hahits and shades of character noticed by travellers^ 
particularly by Humboldt, Spix, and Martins; and finally, 
add the singular but well-established fact, that the dog foimd 
with the natives, was a rough-haired, prick-eared, savage 
animal, agi’eeing identically with the Oanis S^ricus^ the 
faithful attendant of the noitiiem Mongolian nomad hordes; 
we think the supposition of a sejjarate creation of autochthones 
for the new world will be given up as gratuitous and unne¬ 
cessary, and its inhabitants will allowed to ofter no excep¬ 
tion to the theory which looks on mankind as one, and de¬ 
rived from a single origin. 

The cliaracteristics of the American tribes, however, are, 
like all others we have noted, subject to considerable variation. 
The tint of the skin, generally of a red or copper colour, may 
become of a deep brown, while others are nearly white, as 
Cook observed of the natives at Nootka Sound, and MoUna of 
some who inhabited a high situation in the Chilian Andes. 
In stature, they present all degrees, from the great height of 

• tor. Mitcliell, of New York, hiiJ confirmed the fact, that the hOaods placed 
between K:A.TntjMf»Tin.tifa and the coasts of America, such as tho Aleutian, tha 
Kmile, &c., are inhabited by the descendants of Siberian tribea, retaining aH 
their mannen, habits, and appearance. 
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the Patagonian to the dwindled bodies of the ChaymaB, whom 
Hnmboldt desci^ihes as seldom exceeding four feet^ The de¬ 
pression of the forehead also varies considerably, and, it is said, 
is in many cases assisted by artificial means. Blnmenbach re¬ 
prints the sknll of a Carib, in which pressure had been evi¬ 
dently used for this purpose, and the forehead slants off so sud¬ 
denly from immediately above the eyes, that we can almost 
suppose the individual must have been able to see above him 
without turning up his head. 

Civilization would appear never to have made much way 
amongst our red brethren. When the Spaniards entered Ame¬ 
rica, there existed two powerful nations, the Peruvians and the 
Mexicans, respecting which the Spanish historians entertain ub 
with wonderful accounts of their power, wealth, intelligence, 
and advancement; but it is evident they had as yet made fow 
steps from barbarism, as they had no current coin, no written 
alphabet, no manufactures, or commerce, no clothes, except 
some painted feather girdles and other ornaments, and a few 
hard}'" adventurers proved sufficient to overthrow these two 
mighty empires. Yet courage is by no means that quality in, 
which the American Indian is deficient; he will face the most 
appalling dangers, will undergo the severest tortures with¬ 
out a groan, and will march to liis funeral-pile with a 
proud disdain of life, chanting his w’^ar-song, and bidding 
defiance to his enemies by whom ho is surrounded. Neither 
are some of the more generous feelings of our nature want¬ 
ing. Though they are said to kill all their children hom 
after a certain number—habit consequent on the difficulty, 
or almost impossibility, of providing food for a numerous 
family in their wild mode of life, they yet exhiljit occasional 
instances of very strong attachment even to strangers whom 
they may have spai^ed and adopted. The proud constancy 
with which they have refused to bend tlieir necks to the yoke 
of slavery, but have rather preferred to suffer extermination, 
is Well known, and the difference between their character and 
that of the Nt^groes in this respect, gave rise to tlie proverb 
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long ourrent amongst the French colonists of the Ant^es isles, 
^ Quo regardep un sauvage de travers, c’est le hatti®; le battle, 
c’est le tuer : mais frapper un N^gro, c'est le nourrir.” , 

A slowness to adopt improvements, modify their habita 
to circumstances, seems, however, a constituent part of Ameri¬ 
can nature. These men who exhibit such suipri^g instances 
of sagacity in their native forests, develope such traits of inge¬ 
nuity, patience, and skill in pursuing or avoiding a foe, In 
securing the objects of their chace, or in rescuing thems^ves 
&om situations of danger and difficulty, have never learned 
anything from an approximation to civilized life, further thau 
to participate in its vices. “The native Americans,’^ says 
UUoa, “ are so stupid, that all the Negroes generally evince 
more aptitude at learning what it is attempted to teach them, 
and of which they never can attain a conception; for this 
reason the Negroes, though slaves, believe themselves of a 
superior nature to the Indians, whom they look on with con¬ 
tempt, as incapable of discernment and reason*.” Their eairfy 
conquerors, the Spaniards, readily fell in with a doctrine so 
ffivourable to the violence and cruelty with which they were 
inclined to treat the unfortunate Americans, who were, how¬ 
ever, rescued from this nominal degradation, by the celebrated, 
bull of Pope Paul III., declaring them to be “real men, md 
not, as was commonly asserted, a race of animals.” 

The habitation of these real men” is daily becoming more 
and more confined; they have shrunk from the proximity of 
their Caucasian brethren, whose superior power and intellect 
have served so much oftener to destroy than to improve# 
Driven from almost the whole of their Atlantic coasts, they 
have retired Ito the interior of the country, where they still 
may tread the pathless forest, and wander by their mighty 
streams; in such haunts tliey still retain their distinctive 
marks, their characteristic traits; of these, we are convinced, 

>1' This contempt the Indiane are not slow to return, and their Ideas respeet- 
in{r the relative places held by each, in the animal scale, are pithily expressed 
' in their usual classificationGod make white man first, then zed man, then 
dog, and then nigger.” 
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mueii yet remeins to be learned; and observations respeeting^ 
fhem we should regard as amongst the most valuable additions 
to anthropological science. 

5. The Malay variety is, we think, by many degrees the 
most imperfect of those which Blumcnbach has proposed; in 
&ct, it contains all that be could not put into his other va¬ 
rieties, forced together in this one, though often exhibiting 
great dissimilarity of character, and the variety, as it at pre¬ 
set stands, includes almost every possible shape of skull and 
form of body, from the noble-looking Otaheitean, “ erect and 
whom we scarcely can distinguish from a Caucarian, ta 
the black and woolly-headed Papuan, the near neighbour of 
the Negro, or the underlimbed Mallicollese, whom Dr. Forster 
describes as a small, nimble, ill-favoured set of beings, who, of 
all men that he ever saw, Iwrdored the nearest upon a tribe of 
monkeys. Yet some of the three exhibit much resemblance 
the inliabitants of the peninsula of Malacca, from wliom. 
they all derive the common name, and who are described as of 
a chestnut-colour, varying to yellowish on one side, and deep- 
brown on the other; with the forehead retiring, yet rounded, 
the nose lai^e and thick at tlic extremity (a bottle nose); the 
eyes of a black colour, elongated, half closed, and raised towards 
the temples; the cheek-bones moderately prominent; the 
mouth large, the upper jaw much advanced; the hair thick, 
curled, long, and soft, of a colour always black ; and the gene¬ 
ral figure good, and calculated for active exertion. Such is the 
deseription of the chief inhabitants of the Malaccan peninsula, 
mid it certainly rather favours M. Virey’s ojyinion, that the 
Malays are a sort of bastard race, between the Cliinese Mon¬ 
golians, and the Papuans, whom he looks on as nearly allied 
to the Negroes. The gradation certainly is extremely gentle, 
and by steps almost imperceptible, whether we ascend or de¬ 
scend, and we consider this race, if taken in connexion with 
the consideration of its various, yet similar, dialects, of its 
analogous habits, and of the traces which can be found of its 
divergence from a common point, to be that which goes furthest 
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towards determining the identity of the hnmaii species, imd^ 
its several varieties of form, and diowing the possihility of 
members of a common stock presenting^ in their phydcal 
formation, characters so widely different, “ These varieties/' 
says Dr. Prichard, are here so blended, and they appeaa* under 
circumstances so clearly identifying the race, that we are pre¬ 
vented from falling into a suspicion, which would otherwise 
arise, that these different kinds of people are of distinct fami¬ 
lies. If their mutual separation were somewhat more broadly 
marked, this hypothesis would have been forced on us. As 
the case is, it would he scarcely more absurd to assert, that the 
natives of London and Edinburgh are distinct species of men, 
than to maintain a similar pretence with respect to the New 
Zealander and Otaheitean.’* 

We come now briefly to consider the principal differences 
we have pointed out ns existing between men and men, and to 
inquire whether they are of such magnitude, and of a character 
so imalterable, as to render it impossible that all mankind 
should have descended from a common stock. It might be 
supposed that the quality by which men are most surely dis¬ 
tinguished from other animals, would, by its gradations, affenrd 
no bad standard for ascertaining differences of origin and breed 
amongst themselves, did any such exist; and, accordingly, the 
obvious general inferiority of the Negro to the Caucasian haa 
been much insisted on, as a proof that they could not bavo 
sprung from common parents. But it is evident that the cha¬ 
racter, to be specific, must be invariable; and will any one 
pretend to say, that every white is superior in. intellectual 
powers to every black 1 The assertion would be ridiculous! 
we have a sufficiency of individuals, endowed with about as 
much sense as Pope’s lord, who was “ far too wise to walk into 
a well;” while on the other hand, individuals amongst Negro 
tribes, have been found to exhibit a clear and comprehensive 
intellect, «nd to attmn a distinguished proflciency in the arts, 
and even in abstruse science. H. Gregoire has written a wtnek, 
** De la Liti^iuture des Negres, Paris, 1808,” in which he col- 
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lecte ^uiDeroiXB such examples, {uid Blumenbacli possesses 
p^mens of English, Dutch, and Latin poetry, written by 
Negro authors. That skill and talent, together with some of 
the higher moral feelings, were called into display during the 
revolt, which freed the Haytian republic from the French 
yoke, admits of no (question; nor has there been any lack of 
political sagacity in the mode in which it has been subset 
quently governed, Lislet, a Negro of the Isle of France, was 
named corresponding 'member of the French Institute, on 
account of his meteorological observations; Hannibal dis¬ 
tinguished himself as a colonel of artillery, in the Russian 
service; and Fuller, of Maiyland, was an extraordinary 
example of quickness in reckoning. Being asked, in a com¬ 
pany, for the purpose of trying liis powers, how many seconds 
a person had lived, who was twenty-seven years and some 
months old, he gave the answer in a minute and a half. On 
reckoning it up after him, a different result was obtained: 
“ Have you not forgotten the leap years V’ said the Negro. 
The omission was supplied, and the number then agreed with 
his answer. 

As connected with intellectual developement, the foim of 
the brain and skull has been much insisted on as showing a 
diversity of species. It is true the Negro exhiliits a most 
remarkable difference in this respect, from the Caucasian, and 
were we merely to confine our view to these extreme cases, we 
should have little hesitation in inferring original distinctness, 

“ Having filled,” says M. Virey, “ with water, the cranium 
of an European, and having poured this water into the skull of 
a Negro (both adults), I found, in a first experiment, that the 
head of the European contained four ounces and a half more 
liquid than that of the Negro. Another experiment, on other 
skulls, gave me nine ounces more capacity in the white than 
the black. I have also observed that the head of a man, 
whether black or white, contfuns two or three ounces more 
water than the head of their respective females.” 

This difference in c^kacity is attended, as a reference to out 
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descriptions will show, by a no less striking difference of fonn, 
but neither of these is permanent; our Fole» abready men¬ 
tioned, with his rapidly-retreating forehead, of course, lost 
sadly in capacity; while, on the other hand, the celebrated 
Abbas Gregorius^ to the black complexion and crisp hair of the 
Ethiopian, added a perpendicular forehead, and well-developed 
brain, that would have done honour to any Caucasian. But 
when we come to consider the connecting links, and take into 
account the conformation of intermediate tribes, the difference 
totally disappears through each progressive step, and we find ant 
assemblage of skulls, diverging, as it were, from the Caucasian 
in tho centre, on the one aide towards breadth and squareness^ 
terminating tlirough the American in the Mongolian, or on tho 
other side, towards narrowness, depression, and contraction, 
already incipient in some of the Caucasian race, more observ¬ 
able in the Otaheitcon form, increasing through tho various 
Polynesian and Papuan tribes, until we arrive at the savage 
inliabitauts of New Guinea, Louisiana, or New Caledonia, in 
whom the jirojecting muzzle, the retiring forehead, the narrow 
skull, the black skin, the hair all but w^ooUy, and the nose 
all hut flattened, offer such striking proximity to tho Negro 
form, as to defy all attempts at cou&titutiiig them a separate 
species. 

Our ajialogical argument conducts exactly to the same con¬ 
clusion. The skull of the wild boar difiers widely from that 
of the domestic pig, yet they are allowed to he of the same 
species. The different breeds of horses and dogs present 
remarkable varieties in the shape of the skull, and, adds Mr. 
Lawi'ence, “ the veiy singular form of the skull in the Puduan 
fowl, is a more remaikahle deviation from the natural struc¬ 
ture, than any variation which occura in the human head.’’ 
Equally little con combinations of features, hair, and com¬ 
plexion, he adduced as decisive marks of original difference. 
The Tihhoos, so accurately depicted and so well described by 
Captain Lyons, present few peculiarities of the African race, 
except tile black complexion. Their features and form are 
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meaiy Eart^peaoi, and their hair^ though curled^ and somewhat 
j&izzledy is not woolly* Some of the KafiisshB, on the other 
hand, have the woolly head and black oomplexion, but the 
eoxifonnatlon and general figure still £urc^>eaii, while others, 
of dxis same tribe, present perfectly the features of the iN'egro. 
How is it posable to draw a line here ? Again, Other in- 
^ssnces have been mentioned/’ says Dr. Prichard, in which 
the black colour is combined with Negro features, while the 
hftir is more like that of Europeans.” In Albinoes the features 
are Negro, the hair long and soft, and the skin perfectly udiite: 
these Albinoes may be the children of Negro parents, and may, 
in their turn, have Negro children. Yet these are among the 
races, for wliich Voltaire would have us establish a distinct 
original stock! The singular facility with wliich some men 
believe everything that seems to contradict the Scriptural 
account, contrasts strangely with their obstinate scepticism 
regarding anything that may give it support. 

The difference of hair is perfectly trivial: every one knows 
that the same race of sheep bear hair in one country and wool 
'in another. In onr own coimtry, a mixture of hair will 
api)ear in the fleece of such as are neglected; by breeding from 
such animals, we should soon get a race entirely hairy, but as 
this is not om' object, we generally adopt the reverse plan, 
reject those in which hair has appeared, and thus get a race 
l^rfectly woolly. 

The colour of the hair is equally unimportant. It is gene¬ 
rally black in the dark races of men, and it is amongst 
Caucasians that it is foimd fair, auburn, or red. But to this 
also there are exceptions. The hair is universally black 
amongst the Hindoos, whom we must look on as nearly allied 
to the Japhetic race, while Winterbottom found it red in 
A&icans and Mulattoes. Sonnerat reports the same of some 
Papuans. Forster found individuals with yellowish, brown, 
or sandy hair, at Otaheite, and Pallas mentions instances of the 
same kind amongst the Mongolian tribes; though, be remarks, 
they were very rare. In animals, more particularly such as 



VABIETISS OF THE ttUMAN SPECIES. US 

have come nnder the infiiieioce of domestlcatioi], colour Is 
allowed to be of no avail in determining species. 

The pigs of Piedmont are all black, and those of Iformandy 
all white, yet no one supposes them of different species; ©5r. 
Buchanan found, in Mysore, three yarieties of colour in Eheep^ 
red, black, and white, and these are not distinct breeds b«fc 
further, in the Arctic regions the same AnimAl will be white at 
one season, and black at another; which puis colour, as a 
criterion, totally out of the question. 

Size cannot for a moment he proposed: we dl know what 
differences, in this respect, may occur, even in membeia of the 
same family, and there is not one of the five varieties we have 
specified, in which certain tribes may not be distinguished fzom 
others by their height, without any one having, th^efore, 
thought of assigning them a different origin. The pigs in 
Cuba have grow’n to twice the size of their ancestors, imported 
by the Spaniards; and do any two races of men differ so much, 
in this respect, as the groat dray-horse of Flanders from the 
little Cingalese ponies, which do not exceed thirty inches in 
height ? 

Certain other characters have been mentioned, which appear 
to us equally inadequate. Of the facial angle, adopted by M. 
Virey, we have already spoken. Desmoulins asserts the spe¬ 
cific difference of the Guanches, because the fossa at the end 
of the humerus for the reception of the olecranal pi'ocess of the 
ulna, wliich in us is only a deep hollow or pit, is in them a 
hole, opening quite through the bone.” But M. Desmoulins 
does not condescend to say on how many individuals he has 
verified this fact: whether his observations are confined to one 
or two, which is probable, as Guanche skeletons do not abound 
in Paris, or if more extensive, whether they admitted of any 
exception. Until he mentions these facts, we can by no means 
allow his character to be of the sligh^t value, as he must well 
know the transformation of a notch into a foramen, oar the 
opening a foramen into a notch, or the closing a furrow by it 
bony sheath, so as to change it into a channel, are among the 
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veiy most ordixuuy vaiieties met with in the skeleton; and 
no man has made a dozen dissections, who has not found the 
frontal branch of the ophthalmic nerve passing at one time 
through a hole» at another through a notch, or seen at the 
bottom of tile orbit, another branch of the fifth pair, now ran- 
ning in a groove, and again arched over with a thin plate of 
hone: nay, who has not seen a canal on one side, and a furrow 
at the otlier, of the very same skeleton. How M. Desmoulin«> 
for whose anatomical talents wc liave all proper respect, (wndd 
have attached any importance to a point so utterly trivia], is 
truly astonitdiing; we can only account for it by the poet’s 
rule, ‘*Sua dira cupido fit Deus cuicjue.” Sa'mmering had 
observed a difference in form between the stomach of the Negro 
and that of the European, but had not thought this of sufficient 
weight to be quoted as a proof of specific difference. What he, 
however, left undone, another, assuming tlie fact without 
acknowledgment, has attempted for hbn. “ I had frequently 
observed,” says Mr. Madden, in his Trtwcls in Turley^ &C., 
that the exhibition of an emetic to the Negro soldiers, -was 
often attended with convulsions, and even death: on further 
inquiry, I found tliat these remedies invariably produce dis¬ 
tressing effects on all tlic black people of Dongola and Sennaar; 
on examining the body, I found the stomach different from 
tliat organ in white people, both in size and structure. As tho 
difference has not been noticed hitherto, 1 am free to acknow¬ 
ledge that the appearance I observed might be the consequence 
of disease, and not its natural state; but, as 1 remarked the 
same especial difference in I/ires cases, I tliink 1 am warranted 
in the supposition that the smallmsB of the Negro’s stomach, 
and the peculiar' corrugaiion of their folds, ore no less distinct 
marks of that race tlian their thick cranium, and prominent; 
clieek-bones.” The number of Mr. Madden’s observations is 
truly astonbliing; but without resorting to the supposition of 
a distinct race, we do not find it very strange, that when people 
have died after severe vomiting, their stomachs should be small 
and corrugated, were size of stomach to be admitted as a 
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standard of species, there is little doubt the London aldermen 
might claim an Adam for themselves. 

Mr. Madden, however, has another proof: ** I discovered, 

' likewise, a difference in the skeleton in two of these cases, each 
liaving six vertebrse of the loins, instead of five; and upon 
examining the spines of many living Negroes, I find the occur** 
pence of six lumbar vertebree very frequent* This accounts for 
the extraordinary length of the lumbar part of the back in so 
many Negsoes. That they are a distinct race, I think, is evi¬ 
dent from these and other peculiarities.” It is ecfually evident, 
if this standard be of any avail, that two of the Negroes above 
mentioned, were of a different race from the third, and that as 
the occurrence is only very frequenty it is not universal. But 
further, six luinbor vertebra may be found in a long-backed 
white, os well as in a long-backed Negro; and a skeleton of a 
man seven feet three inches high, in the Museum of the late 
Professor Rudolphi, is expressly stated by him to cxliihit this 
perfectly accidental variety *. 

The fact is, all our differences are superficial, and of that 
kind which Cuvier has shown to be most easily produced by 
accidental variations in external influences, in nutrition, and 
generation. And this is honestly admitted by our most deter¬ 
mined, (we regret to say, in many instances, our most unneces- 
soidly profane,) opponent. Colonel Bory dc Saint Vincent. 

“Before commencing the examination of each of these 
species,” he says, “we must confess, that to cstfblish their 
charoctoi’s in an unquestionable manner, many anatomical 
details are still wanting. We have been obliged to stop too 
often at simple external differences, though at the same time 
we feel convinced that it is necessary to descend deeply into 
the oiganization of beings, to distinguish them invariably from 

* The fact may, indeed, bo found stated oven In elementary anatomical 
works; thus, in the edition of Cloquet’s Anatomic DacriptivCt by Dr. Knox, we 
read, ** It not unfroquently hai^ns that the number of ribs Is found to vary. 
There are never, however, more than tbirtoon or less than eleven. When tiie 
n\vai$br of ribs is thus Increased or diminished, the tame phenomenon It obterved 
wUh respect to the dorsal vert^ree," 
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Cd^andtiitf. j^AceitaiQ caMS,we ]iav«foBZid<mtfMli^ »di^^ 
to seek laiher iti the aocumtilatioB thfttt in IheMel 'vednedf 
diflfetfeaicen^ the bases of Otrr labour. But tm ^tu9MH96 eomk^ 

tdQs us that ftiture obsexraticms will oonfiisB the amu^^ 
nMait which we haTe inetittitfi^.’* (Boty 4e Sf. Yinieeiat. 
I^S6nime») 

We have too high, a select for instinctive eonVlcCSeitt 
attend answering them; meaifiinie, we Whli to put ft ort 
vMnd that Colonel Bory deSt. Vineent’s division of the humait 
sane into fifteen distinct spedes, iSbe object of so many Indepeifr^ 
diSit creations, rests on an taf^tMcttse comietkn that Its tmth 
will be established by future observers. 

We may add, that those who mosi eacne^y eonbend &t 
the formation of many Adams, can by no means agree amongvt 
themselves as to the necessary number. M. Virey is content 
with two; M. Desmoulins at first was satisfied with eleven, 
but in his last work, cannot do with less than ^xteen; fifteen 
we have seen suffice for Colonel Bory de St. Yincent, while 
Rttdolplii gives up the question as incapable of solution. 

We shall, as regards this point, make but one more obsef* 
vation. Animals are' all subject to variatiott in a greater or 
lessor degree,—^this degree may be estimated by the extent to 
which they have been mode the companions and servants of 
man,-—ofKi wxrietiei origiMHAng in this vcy, becom permmiA 
by descent. From ciicumstancee of this kind, cats exhibit a 
long and silky hair; oxen become long-homed or without 
horns, or display a peculiar colour, or develope a fatty hump on 
the back, which they preserve even when transported to a 
diiF^nt climate; sheep become Iwdry or woolly, or have spiral 
horns or fat tails; the damef»tic hog loses its tusks, becomes 
shoit-legged in one place, and long-legged in another, exhibits 
a solid hoof, or three toes, or two of monstrous appearance, 
half a span in length; while the varieties of the dog are almost 
endless, and even run so far as tlie derclopement of an addi¬ 
tional toe on the hind foot, with a *ni8£L bone to correspij^ 
as w'e see occasionally ^-Imgered fiunilies among the huinan 
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[m vliida tiMjr^aie IsirMi^t within the influeape af demBiliaa- 
tien and euUuRpitieD, hot that moa aLone, whe&t haywit thpWii 
ift psluect to theea mflueDoetb invsfe Mmoiii ^ niwhaiiglid 
and Tmdhangeable,** or that every deviation &(na aa Idlii 
staadaad aanat ho aet down to an original s|keeiSc diffisfenoe 
iaatitaied at the caieatioiv and sixioe handed down? Theouf**^ 
{fOatioiLia ei»ona<raa>—we have dosed this part of ovr saldoct# 
, Beapeotiog the canaea of variety, we ahaU speah hde^, 00 
they axe known itaperieetly. Dr. Prichard haa kid dowm 
and c(«finned by veiy nwnerona exomplea^ the priadide titiat 
dhaages {xoduoad by extecoal eauaea in the nf^peoranoe or^on- 
stitntion of the individual acre tewporary, tanmaote whh the* 
individual, and are not propagated to his post8ri.ty; aaob^ 
therefore, can never produce a pexmanent variety. But, peeuo^ 
liorities bom with the individual, and thus forming peat of hk 
original consritutum, ore transmitted by descent, and if hk 
posterity wei^y any circumstances sokolated, as that inter* 
marrifiges amount themselves became necesaaiy, the new 
peculiarity wouldv in a few genemtioua bdbome permaneiit» and 
in this way a variety be produced. 

The hrst of these proposirions is in diiect opposition to the 
common opinion that olhnate ia the cause of variety. Nothii^ 
can be more erroneous, and scarce anything more unlv^ndly 
spread, than this belief^ We find it in authors aneieiit 1^4 
modem; we hnd it in Herodotus, in Strabo, and PUny; wa 
find it m Smith, in Blumenbech, and Buffmt, assigned by tuma 
as the cause oi the dark compleidon or the woolly hair; nay, 
Volney has even gone so far as to suppose it will account W 
the form of the featuroa. “ J^observe,*’ says the last, “ que la 
figure dcs Negres repriisente prfcislment oet etat de contrac¬ 
tion que prcnd notre visage lorsqu’il est frapp6 par la lumiere 
et une forto reverhcr^Ma^ttr^^chaleiir. Alois le aourcil ae 
fenDp; la ponune de^^pi{l^|ffleve, la paupi^ se sezxe; k 
>ouciMe but la moue. Oeki&eonuaction, qui a liea^peipStueUa*' 
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meat <^ftna la peau nud et chaud des Negres, n*a-t-elle pas dO 
devenir le caiactere propre de leur figure?” The reasoning of 
a gentleman whose observations on Egypt have only just seen 
the light, complete M. Volney’s picture in the only part 
which he left imfinished. “The effect,” says Mr. St. John, 
“ of the climate of Egypt upon the hair, is remarkable. My 
own beard, which in Europe was soft and silky, and almost 
straight, began immediately on my arrival at Alexandria 
to curl, to grow crisp, strong and coarse, and before 1 
had reached Es-Souan resembled horse-hair to the touch, 
and was all disposed in ringlets about the chin. This is 
no doubt to be accounted for, by the extreme dryness of the 
air, which, operating through several thousand years, has in 
the interior changed the hair of the Negro into a kind of 
coarse wool.” 

But however numerous the names by which such theories 
are supported, we feel not the least hesitation in pronouncing 
them erroneous, when we find them contradicted by undoubted 
facts. The tropical regions of Asia and America arc to the 
full as hot as the regions of southern Africa, yet their inhabit¬ 
ants have hmr as smotfth and flowing as ours. It is true, tliat 
in a general way, it may be asserted, that colour deepens as we 
approach the Line, and BufiTon has taken care to make the 
most of this fact: “ The heat of the climate,” he says, “ is the 
principal 4iiause of colour; when the heat is excessive, as in 
Senegd. and Guinea, then men are altogetlier block; when it 
is a little less intense, as on the nortlicm coasts of Aftica, men 
are less black; when it commences to become more temperate, 
as in Barbary, Mongolia, Arabia, men are only brown; and 
finally, when it is quite temperate, as in Europe and Asia, 
men are white.” Had he pursued his subject a little further, 
he would soon have found how untenable was bis idea. 

The Esquimaux, the Greenlanders, the Samoiedes, and 
other tribes surrounding the pole, are of a deep tawny colour, 
though their very moderate portion of sun should havei, Jeft 
them delicately fair; and the inhabitants of New Guinea, New 
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Mtain, New Ireland, &c., present mucli deeper shades of 
hlack, than could be at all accounted for by their situatlcai 
'relative to the Equator. Madagascar is inhabited by two 
: races of men, one black, the other only olive, yet they cer¬ 
tainly undergo the same degrees of temperature; but the 
theory is at once upset by a reference to the new world, in 
which all the inhabitants exhibit the most remarkable uni¬ 
formity in their red or copper-coloured tint, always excepting 
the Esquimaux and tribes farthest north, who show the 
darkest complexion. It is true, indeed, as every one knows, 
that exposure to sun and air deepens the colour of the indi¬ 
vidual ; but it remained for Dr. Prichard to observe, that the 
effect ceased with the individual, and was not propagated to 
his offspring. Of this there can be no doubt. The children of 
the Moors and their Avomen, who are constantly confined to 
the house, are as delicately fair as any Europeans; the same 
may be said of the children of the English in the West Indies, 
where, nevertheless, they have been settled so long a time; 
and Dr. Buclianan found at Cochin, on the Malabar coast, Jews 
wliose documents proved them to haAj*) been located there 
more than fourteen hundred years, and yet, having kept thMi- 
selves distinct, they resembled in every respect, botli of feature 
and complexion, their European brethren. Were any further 
proof required, of how little the sun has to do in nroducing 
intensity of natiomd colour, it might be found m the fact 
noticed at the Sandwich Islands by M. Charis, “that the 
most delicate young girl, the least exposed to the effects of 
climate, is black; wliile the men constantly obliged to work 
under the rays of the sun, are almost an (yrange col&ur;*' to 
which wc may add Dr. Prichard’s testimony, that the domes¬ 
tic Negroes who are protected from the* heat of tiie sun by 
more clothing, and who puss their time in sheltered houses, 
are of a darker complexion than the slaves who labour half- 
naked in the fields. 

This point being settled, we turn to the second proposition, ^ 
namely, that, “ All original or connate peculiarities of body « 



OIP MAN, AND THE 


are hereditary ” and of this we have the most ample proof in 
propagation of peculiar breeds of ammals. Every one. 
knows from a hornless bull and cow you will get a calf 
which never shall have horns; that an Ardb horse and mare 
will breed an Arab colt; that your short-legged Chinese pigs 
will not give you a farrow of the long-legged l^orman kind; 
nor your pricked-eared, rough-haired cur, a degenerate dwindled 
lap-dog, with its pendant flaps and alky coat. In the human 
species, also, proofs abundant. Each peculiar Taiiety pro¬ 
pagates itself mth all its peculiarities, and in every circum¬ 
stance of climate, food, soil, or other external influenciB. 
Negroes are bom in Europe, Caucasians in India, whie 
races in wantk^mates, and dark races in cold. Innumeiahlb 
instances of the tendency of the child to resemble the parents 
are well known and authenticated. The thick upper-lip 
has been in the Austrian family for centuries; a nose^ 
as Wa^ington Irving pleasantly observes, may be found to 
repeat itself through a whole long gallery of family pictures; 
six-fingered families have been known to preserve their dis¬ 
tinctive mark for several generations; and there is this moment 
in London, a man whose skin is beset by numerous warty ami 
homy excrescences, and who is the fourth in descent from the 
person originally marked with this unpleasant distinction, and 
known to every one under the name of “ the Porcupine Man.” 

lu Eh(m, it seems a general law, that all animals shall *he 
bom with a resemblance to the oHgwtd state of their parents; 
a butterfly must firet be a grab, because the parent butterfly 
was so; and the young frog must first he a fish, before it rises 
to the mhk of a reptile. Occasioiial deviations from this law 
uocuT; when they are groat they constitute monstrosities; w^hen 
slight, varieties; but in each case they are the result of some 
unpressiou or change wrought on the ovarium during concep- 
tio% (h: its subsequent foetal existence; and the imperfection of 
our knowledge of the mysteries of generation and growth is 
the true canse why we are unable fully to appreciate the 
naitare of these dianges, and, therefore, the true orig^ or 
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varieties. As the subject, however, is of extreme interest, we 
dball venture a few words resi)ecting it, premising that they 
cannot be looked on as at all interfering with the former poits 
of our argument, which must depend on the proofs there ad- 
rduced, but must be considered merely as an attempt to show 
how certain of these varieties m^ht have arisen from certain 
natural causdil and thus the different conditions of men have 
been produced. 

In observing the growth of the fcctus, we find that all for- 
Toation takes place from the circumference towards the centre; 
that the fonf^;^ being laid down at a time when the contents 
of the uterus are most mobile, most susceptible, of impression, 
are therefore the most liable to aberrations from the nomaal 
-standard*. This rule is exactly exemplified in monstrous 
births, in whom we find the irregularities more fi*equent at the 
surface tliau in the interior, at the extremities of any system 
than towards its centre. Thus, in the nervous system micra- 
ctpJuilia, anenc^uilia, or spina hifida^ afit^tions of the top and 
bottom of tlie cerebro-spinal axis, are itiuch more common than 
any affection of its centre; in the digestive system imperforate 
anus, oj; imperfections in the mouth, the palatine vault, &c., are 
much mbre common than deformities of the stomach. 

The case is the same in varieties. We have shown that men 
differ most in the form of the brain and the extremities, and at 
th%surface. 

%o- simplify the question, let us take one of these points, 
an^we shall choose the most important, that which has been 
chiefly relied on in the attempt to prove specific differences,—» 
the various forms of the brain. 

One of the commonest causes of monstrosity, as laid down 
by Haller, and since illustrated by Meckel, is arrest of developed 

This is on open question. M. Serres, who proposed the dootrine-of eooenfaio 
or centripetal dcfrelopoxnont, as'welL as Gcoffroy St Hilaire and his soq. the 
'wareillist supporters of the same, assert, that those organs which are the latest 
formed are the least constant; that the large trunks are more frequently hre* 
gular in their couno and distribution than the superficial branches of an artery, 
or a nerve; and they advance these, ond similar facts, aa proofs of the sortndnesg 
ol their theory.] 



meray that ia, the cessation of {growth in any particnlai^ org^n, 
while the rest advance towards their usual standard : this, it is 
evident, may be cansed by accidental pressure on the vessels 
leading to that organ. 

We owe to M. Serres the very interesting remai'k, that the 
brain of the Caucasian, in arriving at its full developement, 
represents transitorily the forms which in the NSgro and Mon¬ 
golian are’permanent. 

Now let us supjx)So tliat when the brain was in either of 
WxQmphaseSy arrest of developement had taken place, a man 
would have been bom with either the Negro or Mongolian 
cerebral fonnation. 

It will be remembered that we stated tlie Caucasian, the 
Mongolian, and the Negro, to be the throe primaiy, or best- 
iharked varieties, and that this opinion "was also held by 
Cuvier. 

Having shown how one individual may have been produced, 
the next question is, as to the probability that his peculiarities 
’would he continued. 

Tlic most satisfactory reply to thi^question is afforded by 
the facts connected wdth the origin of a new variety, or ^rcee? of 
sheep, as detailed by Colonel Humphreys in the Philosophical 
Transactiorts for 1813. 

Ill the year 1701, one of the ewes on the farm of Seth 
Wright, in tlie State of Massachusetts, produced a male lamb, 
w'liicli, from the singular length of its body, and shortness of 
its legs, received the name of utter-hreefi.. From the curvature 
of its fore-legs, which caused them to appear like elbows when 
the animal was walking. Dr. Shuttack termed it a«co»*. 

This physical confomiation, incapacitating the animal from 
leaping fences, appeared to iho farmers about so desirable, that 
they wished it continued. Wright determined on breeding 
from tliis mm, and the first year obtained only two, with the 
same peculiarities. The following years he obtained greater 
mumbers, and when they became capable of breeding with one 

* From ’Ayxoj», an elbow. 
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i^RRotlier, a mw md strongly marM mrietyf brfore titU!noim to 
0h& world, was established. 

In this case we see a variety, originating by accident, per¬ 
petuated by cultivation, tliat is, by constantly uniting indb- 
viduals marked with the same peculiarities. 

This could not be arbitrarily done for the human-kind, but 
it might ])e brought about by the force of circumstances. Dr. 
Prichard has shown that there is a tendency* to the repetition 
of a variety which has once occurred; thus, there are generally 
more Albinoes than one in the same family. 

Were,then, a&unily, in which any of the above peculiarities 
had a tendency to occur, isolated from the general stock, so a0 
to necessitate frequent intermarriages of its members, their 
pexsuliarities would l>e repeated, propagated, and, in a few 
generations, rendered permanent. 

But this isolation could only take place when the world 
was thinly inhabited, and a wide space intervened between 
family and family. 

Any peculiarity occurring now-a^days speedily meigei^lby 
intermixture, and returns to the common standard. ' 

Revei’ting, then, to the objection started at the beginning of 
our article, it is perfectly clear that the circumstances there 
alluded to are not the true cause of the propagation of a pecu- 
l^ity, though they might have some influence on its produe- 
tjwn; on the contrary, that this propagation into permanent 
varieties cmild only have occurred at the time to which it is 
refen-cd. 

One word more : the varieties, as we have shown, are of the*- 
simplest kind, and obey the simplest law, that of arrest of deve- 
lopemeiit. Had a six-fingered family then originated, they 
would, with equal cei-tuinty, liave been propagated, and we should 
now have a six-fingered race, whom those reasoners, would, 
doubtless, set down at once os a clearly distinct species, and thd^ 

* Tho oxisteiuo of ft^is tendency vims strongly exompliliod in the mare, which 
having once conti^iv^ by it quagga, had afterwards no less tlion three or four 
foala begotten by dlncreut horses, yet all exhibiting mure or loss of tho quagga 
form. 



493 TABISTIBS OF TBB HUMAB SPSCIES. 

grounds for so doing would be infinitely stronger theoi any that 
now exist. For every anatomist will adroit, that tho developer 
ment of an additional finger, with its additional phalanges and 
metacarpal boiKO, its additional arteries and muscles, and 
nerves, and integuments, is a far greater deviation from the 
normal atandard, than a simple deficiency in the developement 
of any part, a want of its arriving at its full growth. But, such 
varieties as the former do appear amongst us even now, though, 
irom the (^ses already mentioned, they have not become per¬ 
manent, therefore, d fortiori^ such varieties as the latter may 
have appeared, and, not being subjected to the same causes, 
would, as we have shown, have become permanent. 

It is, therefore, contrary to anatomy, physiol(^y, and 
analogy, the surest tests wliich we can apply, to consider the 
existing varieties of the human-kind as different species. 

Therefore, according to the best grounds upon which we can 
reason, all mm me descended jrom me common sixtek. 
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A BEIEF CHEONOLOGICAL TABLE OP 
PHY6IOLOGICAL DISCJOVEEXES. 


A.D. 

131 GtUen bom. He obtained an indefinite idea of tbe dH^nenee 
betiveen nerves of sensation and nerves of motaoa, and was 
the first who proved that the arteries eontain hkiod during 
life. 

1l>G3 Fallopio died. Ho restored our knowledge of the uterine tubes, 
which, after him, are named Fallc^uan. 

1574 Fahricius demonstrated the valves in the veins. 

t- Emtachius died. He described the capsules oi the ludtte]^^ 

the thoracic duct, and the Eustachian tube. 

1605 Aldrovandtta died; gave an aoeount of the internal structure 
and physiology of several dassesk of animals, ei$>eeially of 
fislies. 

IGIO Harvey first taught the true theory of the circulation of the 
blood, 

^G19 Fabriciiu died. 

\g22 AsellittSf of Pavia, discoverod the lactoals in the mesentefy of a 

\ live dog. 

KSC Harvey first published the facts of the circulation of the VlOod 
iu his Exerdtaiio AAatomica de Motu CkirdUf ei Sangnims^ 
in Anitnahbus: Frankfurt. 

1634 Veslingim described the lactcals 'ti the human body. 

1G51 Rudbecj a Swedisli, and EartJ .n^, a Hutdi, anatODUst, dis¬ 
covered the lymphatics. 

- Pecquet described tlic true fudo^on of the thoracic duct. 

1G«]3 JJartholine published an account of tbe lymphatics. 

IGGl Malj^ghi described the internal structure of the Inngg. 

16G4 Swammerdam observed the valves in the ahscarbent vessels. 

1677 Hooke alludes to the use of atmospheric air in reepiimtion, and! 

illustrates that function by the phenomena of oombustioa. 

1678 Leeuwenihfieck discoverod that the whole tooth is mado np 

of very small, straight, and transparent pipe&** 

1688 Pemsutlt died. 



CHBONOLOQICIX tABIE. 


m 

A.». 

1694 Malpighi died. By diBtinguIshing the rete nmeosum firdm 
cuticle, he diseotered the trae seat of colour i&Ahe body. 
1707 Jamsi Dot^lat wrote The Comparattve Deeetiption of all the 
Mtaelea in a Man and t» a Quadruped (a dog)~^ve7y correct. 
1721 *Lady Mary Wortleg Montague introduced inoculation for the 
small-pox into England. 

1726 M. Nogues described the lymphatic system in a woric entitled 
VAnatomie du Oorp de VHomme en abreg^, 

17^8 Boerhaave died. 

1744 The first work on oomparalivc anatomy published in England, 
consisting of manuscript notes taken from the lectnriA of 
Monro Primus, 

1757 Bominico Cotugno proved tliat the labyrinth of the ear con¬ 

tains a certain liquid; and laid the foundation of all our 
present knowledge of the physiology of that organ. 

- IlallePs work on physiology published. 

1758 //a/fer published his discoveries regarding the developement of 

the chick in ovo. 

1 7 0 6 MM. dv Hamel and Tillet accidentally discovered that the 

human body will boor, without injury, a temperature of 288*^ 
Fahr. 

1761 Z>r. Hales died. 

1707 described the influence upon taste cau&cd by the contact 
of different metals with each other, and with the tongiw. 
This is the first fact of galvanism, but Suker was uncon¬ 
scious of its importance. 

1770 Albinui the anatomist died. 

1771 Peter Camper discovered the air-^ells in the bones of birds, 
- Wilham Hewson discovered the lymphatic sj sU m in birds and 

fishes. 

— — Priestley noticed that air, detirioratod by animal respiration, 
is purified by the respiration of plants. 

1 773 Hr. Walsh discovered anin.al electricity in the torpedo. 

1774 John Hunter^ iudcpend*'ntly of Peter Camper, discovered the 

air-cells iu tlie bones of birds. 

1776 Ellis f the naturalist, died. 

1778 hxnnoeus died. 

1783 The great work of Monro Secundus, on the structure of fishes, 
published. 

1780 Buffbn died. 


i 



CBBOFOLOaiCAL TABLE. 





1793 

1795 

1796 
1798 

1800 


died. 

Oalvani diacoTered that the limbs of a dead frag are con* 
▼ulsed when the muscles are connected to a nerre by a 
metallic conductor. The fact was prevtoiu% known, but he 
explained the conditions of galyanimi. 

Peter Camper'e Treatise on the Facia/ AngUy published by 
his son. 

The first volume of I>arv}irCs Zoonomia published. 

Frederick Cuvier began to lecture on comparative anat(nny. 

Gall first locturod on phrenology. 

Dr. Jenner introduced vaccination. 

Galvani died. 

The publication of Cwner^'s Lectures commenced. 


THE END. 
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